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In  recent  y^ia’a,  particul*  rly  durin  World  ar 
TT,  it  hua  become  increasingly  apparent  that  the  reserves 
of  crude  petroleum  on  this  continent,  at  the  present  rate 
of  depletion,  will  be  sufficient  for  only  a  comparatively 
short  time,  The  rate  of  discovery  of  new  fields  has  not 
been  proportional  to  the  inorease  in  consumption  of  pet¬ 
roleum  products,  despite  the  most  intensive  oil  exploration 
program  in  history.  In  view  of  these  facts,  it  would  appear 
that  now  sources  of  liquid  fuel  must  be  sought  very  shortly 
if  thi3  oontiiient  is  to  rumuin  self-sufficient  with  respoot 
to  these  products.  The  last  World  War  hua  made  this  re¬ 
quirement  almost  a  necessity. 

Fortunately,  a  number  of  processes  for  the 
production  of  synthetic  liquid  fuels  have  been  developed  to 
the  industrial  stage,  and  it  iauy  be  confide ntly  stated  that 
in  the  very  near  future,  one  or  laoro  of  those  will  bo  able 
to  compete  successfully  in  markets  now  supplied  by  cruae 
petr^leuLi,  As  research  work  continues,  technical  aavunoes 
will  doubtless  lower  the  munuf uoturing  price  to  a  figure 
which  is  competitive  with  the  corresponding  products  from 
petroleum.  Indeed,  olio  synthetic  gasoline  plant  is  now 
ountemplutod  on  this  o  ntinent. 

Pile  basis  of  all  processus  for  producing 
synthetic  petroleum  depends  on  the  hydrogenation  of  oarbon 
from  3orao  source  to  form  the  hydrocarbons  desired.  The 
ourbon  may  bo  supplied  by  coal,  echo ,  natural  (;us,  o  1  uvei» 
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agricultural  products.  The  hydro nay  be  obtained  by 
utilising  any  one  of  a  number  of  00x220a  industrial  mutr.od8 
for  the  manufacture  of  thin  f;oa. 

Cf  the  procession  existin  ;  too uy  theie  are  two 
which  ujpeur  decidedly  ti  u  most  i-.ttraotive*  The  firat, 
tht  Bergiue  prcoeaa,  involves  the  direct  hyarot;enution  of 
hi  ;h- rank  bituminous  or  uub-oi  tuiainoua  ooula  at  devoted 
temperatures  a  *  *o.  Tht  ,  .t  llQhir* 

Tropaoh  prooeaa,  oarrioa  out  hi*  indirect  hydrogenation  of 
carbon  by  noun  a  of  the  reduo  t  ion  of  carbon  monoxide  at 
moderate  to  iptsr*  turoa  ana  prouauros.  both  of  thoee  tau  Uiode 
aro  bollix  in  to  naively  investigated  at  the  present  tir*>. 

Tht  poaalblllty  of  producing  allphutio  hydro¬ 
carbons,  othur  than  .icthune,  was  firat  shown  by  the  bodioohe 
Anilin  und  3oda-FubriX  A.O.  in  lvl3,  and  by  Fischer  uikl 
Tropaoh  in  1  j23  with  the  aovdopraont  of  the  "syntho!" 
process.  by  thia  method  oarbon  noiioxlde  wua  outaly tioally 
roduood  ut  hi  ’h  ter.porutureo  und  pruoaurea  to  fora  a 
mixture  of  ildohydos,  nlouhols,  futty  acids  und  hydro- 
ourbona.  In  auooeodl  l;  experiments  during  lvUb-bo,  a 
produo t  Conn io ting  almost  entirely  of  hydrocarbons  w.iO 
obtained  by  using  lower  temperatures  ana  pressures  ui*d  u 
mure  active  catalyst* 

In  later  years,  Fltohor  ana  tropaoh  further 
widened  the  000 po  of  their  prooena  by  varying  the  t  cape  rat  uro 
and  pressures,  the  carbon  monoxide -hydro,  on  ratio  of  the 
food  gua,  and  the  type  of  outolyst*  English  und  Ansrlo 
workers  ulao  carried  out  a  vtirioty  of  lnvus tigutiona  upon 
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the  sarau  proeessjin  the  years:  from  I‘i28-lj36.  La ny  types 
of  active  catalysts  have  been  developed,  and  a  large 
number  of  products  have  been  produced  in  laboratory  teats, 
with  yields  up  to  8of>  of  the  theoretical  being  obtained 
by  some  workers. 

In  1S33,  the  firat  ooimeroit*l  Fiaoher-Tropaoh 
plant  was  built  by  the  luhrohemiu  A.G.  at  Oberhausen, 

Germany,  by  1^25  fivo  plants  were  in  operation,  ana  by 
1^42  a  production  of  b,o90,QG0  bbls.  annually  of  :usolinD» 
diesel  oil,  lubricating  oil  and  waxes,  (about  1/10  of  the 
total  German  oil  production)  hud  been  attained.  According 
to  the  most  recent  imports,  very  little  additional  progress 
sooaa  to  have  been  made  in  Goriauny  during  the  war  years. 

j 

It  should  be  borne  in  nind  that  ul though  Cermuiiy  produood 
a  good  shuro  of  its  petroleum  products  by  the  Fisoher- 
Tropsoh  and  other  indirect  pro 003303,  all  auoh  plunta  were 
subsidized  by  the  government. 

The  advantages  of  the  Fi30hor-Tropsch  process 
may  be  briefly  listed  as  follows: 

1.  Almost  any  kind  of  solid,  liquid  or 

gaseous  fuel  oan  be  used  os  a  raw  nuteriul. 

0  costly  equipment,  difficult  to  fabricate, 
or  to  operate  at  high  pressures,  is  required. 

3.  Large  plants  are  not  noooosary  for  maximum 
economy. 

4.  Lubrioating  oils  ana  u  large  number  of 
ohemloal  by-px’oduots  om*.  be  nude. 
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5.  The  process  has  great  flexibility,  and 
offers  wide  opportunities  for  further 
technical  and  economic  improvements. 

Against  these  advantages  is  the  fact  that  the 
gasoline  obtained  from  the  Fischer-Tropsch  primary  product 
has  a  low  octane  number.  Diesel  and  lubricating  oils  pro¬ 
duced,  however,  are  of  excellent  quality,  and  by  modern 
refinery  methods  the  octane  rating  of  the  gasoline  can 
be  raised  to  a  higher  value.  New  variations  in  this  process 
are  also  being  developed  which  give  a  gasoline  with  more 
favorable  anti-knock  properties. 

In  comparison  to  the  Sergius  process  of  coal 
hydrogenation,  the  Fischer-Tropsch  process  does  not  require 
the  expensive  high  pressure  equipment,  or  such  large  in¬ 
stallations  for  maximum  economy.  Most  authorities  estimate 
a  considerably  lower  cost  for  gasoline  from  the  Fischer- 
Tropsch  process  than  that  obtained  from  coal  hydrogenation. 

The  Bergius  process  does,  however,  yield  an  excellent  grade 
of  gasoline,  but  the  diesel  fuels  and  lubricating  oils 
produced  are  of  a  low  quality. 

The  economics  of  the  Fischer-Tropsch  prooess, 
in  a  large  degree,  depend  on  the  costs  of  producing  the 
synthesis  gas.  At  present,  natural  gas  is  by  far  the  cheapest 
souroe  of  the  necessary  carbon  monoxide  and  hydrogen.  However, 
further  technical  advanoes  in  the  gasifioation  of  coal,  par¬ 
ticularly  by  the  European  method  of  continuous  gasifioation, 
about  which  little  is  known,  may  change  the  picture  greatly. 
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Probably  the  widest  scope  for  improvement  of  the  process 
lies  in  this  field. 

The  develo pment  of  cheaper  and  more  active 
catalysts  also  offers  an  important  field  for  advancement. 
The  possibility  of  employing  specific  types  of  catalysts 
to  manuf acture  any  desired  hydrocarbon  product  has  also 
been  demo ns t ate d  by  several  workers.  Progress  in  these 
respeots  will  do  much  to  place  the  Fischer-Tropsch  process 
on  a  competitive  basis. 
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LITERATURE  KEVITfl? 

As  the  economic  possibilities  of  the  Fischer- 
Tropsch  synthesis  have  increased,  the  incentive  for  experi¬ 
mental  work  has  beon  stimulated,  thus  increasing  the  literature 
on  the  subject.  From  the  historical  background  of  the  process 
it  will  have  been  noted  that  the  main  research  and  development 
was  don©  by  the  Germans,  English,  Americans  and  Japanese, 

All  phases  of  the  synthesis  have  been  dealt  with  in  voluminous 
do  tail. 

Much  of  the  literature  is  available  only  in  the 
languages  of  the  countries  in  which  the  researchers  have 
worked,  German  discoveries,  howevor,  have  been  considered 
of  such  value  that  full  translations  of  much  of  the  work  are 
available  in  American  Journals,  Abstracts  (76)  and  compre¬ 
hensive  reviews  (43,60)  of  research  work  done  in  all  countries 
have  also  been  made,  so  that  it  is  possible  to  obtain  a 
detailed  liter ature  review  from  documents  published  in 
English, 

Synthesis  Gas 

Fischer  (24)  has  told  how  research  on  synthesis 
gas  had  its  beginning  in  the  discovery  that  uni-carbon 
molecules  could  be  built  from  carbon  monoxide,  Sabatier  in 
1913  produced  methane  by  the  reaction  CO  +  +  HgO *  A 

nickel  catalyst  was  used.  Multicarbon  members  of  the  hydro¬ 
carbon  family  were  the  next  to  be  synthesized  from  a  gas 
containing  the  same  two  constituents.  The  ratio  in  which 
carbon  monoxide  and  hydrogen  could  be  present  was  not  rigidly 
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fixed,  and  variations  were  found  to  affect  the  properties  of 
the  product.  The  stoichiometric  equation  for  the  production 
of  hydrocarbons  calls  for  one  volume  of  carbon  monoxide  for 
every  two  volumes  of  hydrogen  when  using  specific  catalysts. 

In  practice  this  ratio  is  favored,  although  a  mixture  with  less 
hydroren  is  acceptable  for  synthesis. 

Many  writers  have  acclaimed  the  versatility  of 
this  process  of  hydrocarbon  synthesis  because  of  the  great 
variety  of  materials  which  can  be  made  to  yield  the  required 
mixture  of  carbon  monoxide  and  hydrogen.  Coal,  coke,  methane 
or  any  carbonaceous  material  can  be  used. 

Underwood  (75)  has  listed  seven  methods  for  produc¬ 
ing  this  mixture  of  these  two  gases  from  either  coal  or  coke. 
The  gas  produced  by  any  of  these  methods  is  deficient  in 
hydrogen  content  if  a  2Hg/lC0  ratio  gas  is  desired. 

It  Is  known  that  the  reaction  between  steam  and 
compounds  of  carbon  such  as  coal  or  coke  gives  a  mixture  of 
carbon  monoxide  and  hydrogen  known  as  water  gas,  the  average 
composition  of  this  gas  being,  hydrogen,  50#}  carbon  monoxide, 
40^5  carbon  dioxide,  5#$  nitrogen,  5$.  In  the  older  type 
generators  this  gas  is  made  by  alternating  steam  and  air  over 
the  hot  carbonaceous  material.  The  air  gives  the  required 
temperature  necessary  for  the  steam  blast.  Many  types  of 
continuous  generators  are  employed  today.  Gasification  of 
solid  fuels  will  be  discussed  lore  thoroughly  In  a  later 
section.  To  increase  the  proportion  of  hydrogen  rroduced  by 
either  noncontinuous  or  continuous  methods  the  carbon  content 
can  be  lowered  by  conversion  of  carbon  monoxide  to  carbon 
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dioxide  by  the  water  gas  shift  reaction.  This  also  increases 
the  hydrogen  content. 

CO  +  H20  — >  C0g  +  Hg 

The  Germans  were  thus  able  to  change  the  proportions  of  the 
above  mentioned  water  gas  to  a  gas  having  the  following 
composition:  hydrogen,  55$;  carbon  monoxide,  27.5$;  carbon 
dioxide,  14$;  methane,  0.6$;  nitrogen,  2.7$;  oxygen,  0.2$. 

This  2/l  ratio  gas  was  called  synthesis  gas, 

Fischer  has  recommended  (24)  synthesis  gas  produc¬ 
tion  by  passing  steam  and  coal  gas  over  coke  in  a  gas  producer. 
The  methane  of  the  coed  gas  is  chsmged  to  hydrogen  and  carbon 
monoxide  in  a  s/l  ratio.  The  coal  gas  (H2/C0=10/l) 
contributes  the  hydrogen  necessary  to  give  a  product  which  has 
a  hydrogen  to  carbon  monoxide  ratio  of  2/l. 

Methane  is  an  excellent  source  of  hydrogen- 
carbon  monoxide  gas,  Berthelot  (47)  has  listed  the  following 
reactions  as  the  easiest  methods  of  producing  the  gas: 

CH4  +  HgO  —►CO  +  SHg  -f-50  Cal. 

CH4  +  I/2O2 — *■  CO  +  2H2  -  7  Cal. 

CH4  +  CO g  — 2 CO  +  2H2  -f-60  Cal. 

The  use  of  catalysts  greatly  extends  the  possibilities  of  the 
above  reactions.  Boomer  (6)  has  pointed  out  that  the  seoond 
reaction  is  the  only  one  producing  a  gas  with  a  proportion 
of  2lIg/lC0.  A  combination  of  the  first  and  third  reactions 
montionod  above  in  the  correct  proportions  would  also  yield  the 
nocessary  ratio.  The  exothermic  reaction  works  well  and  has 
commercial  possibilities  if  oxygon  is  available  at  low  cost. 

(It  is  now  produced  at  ^10.00  per  ton  by  liquif ication . )  It 
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is  claimed  that  the  addition  of  snail  amounts  of  steam  to  the 
rne  thane -oxygen  mixture  improves  the  conversion  without 
increasing  the  proportion  of  hydrogen  excessively* 

Hawk,  Golden,  Storch  and  Fieldner  (46)  have  found 
that  the  paraffins  above  methane  in  the  hydrocarbon  series  are 
more  easily  converted  to  hydrogen  and  carbon  monoxide  than 

IS 

methaneAbut  they  break  down  to  carbon  and  hydrogen  more  easily. 

Pe trick  (59)  has  claimed  the  production  of  better 
viator  gas  from  wood,  straw,  starch  or  any  other  available 
carbohydrates.  The  equation  for  such  a  reaction  is 

C  -j^qO  5  — - ►  0  +  SCO  +  5Hg 

Synthesis  gas  moist  be  free  from  sulfur,  oxygen  and 
other  catalyst  poisons.  The  greatest  difficulty  is  encountered 
in  removing  the  sulfur  compounds.  This  is  essential  since  the 
sulfur  is  adsorbed  on  the  surface  of  the  catalyst  to  give 
conditions  which  diminish  the  yields  of  the  product  and  make 
regeneration  of  the  catalyst  impossible. 

With  the  catalysts  now  in  use,  one  grain  of  sulfur 
per  1,000  cu.ft.  of  synthesis  gas  (0.2  grains  per  100  cu.  meters) 
is  the  accepted  maximum  concentration  according  to  many  research 
workers.  Since  the  sulfur  content  is  usually  greater  than  thisa 
oither  purification  of  the  synthesis  gas  or  the  development  of 
a  sulfur  resistant  catalyst  is  necessary.  The  former  has  been 
used  almost  exclusively.  A  multi-stage  process  has  been 
recommended  by  Roelen  (68) •  The  first  step  is  the  removal  of 
hydrogen  sulfide  by  the  use  of  moist  ferric  oxide.  The  second 
stop  is  the  extraction  of  part  of  the  organic  sulfur  by 
decomposition  with  sulfurized  iron  and  alkali  metal  carbonate 
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at  temperatures  between  300  and  450°C  •  The  process  followed 
in  step  one  is  then  used  to  re  iove  this  hydrogen  sulfide.  The 
last  step  is  the  removal  of  any  remaining  sulfur  by  passing  the 
gas  ovor  a  mixture  of  iron  oxide  and  alkali  metal  carbonate  at 
temperatures  between  150  and  300° C.  Punosaka  (41)  has  claimed 
the  best  desulfurization  is  obtained  with  an  iron-copper- 
pumice  catalyst  but  adequate  removal  of  sulfur  can  be  obtained 
by  passing  the  gas  over  luxmasse  activated  with  10$  nickel  or 
copper  hydroxide  at  te  iperatures  between  200-250°C.  An  addition 
of  10$  each  of  sodium  hydroxide  and  thoria  improves  the  latter 
mixture.  To  remove  organic  sulfur  Fischer  and  his  associates 
(34)  heated  the  synthesis  gas  to  400°C.  in  the  presence  of  an 
ir.on  catalyst  followed  by  scrubbing  with  an  alkaline  ferri- 
cyanide  solution, 

Myddleton  (56)  has  claimed  to  have  developed  a 
sulfur  resistant  catalyst  which  he  used  v/ith  a  gas  containing 
250  grains  of  organic  sulfur  por  1,000  cu,  ft.  of  blue  water 
gas  (lHp/lCO).  The  activity  of  this  new  catalyst  persisted 
even  when  enough  sulfur  had  been  passed  through  to  convert 
25$  of  the  metal  into  the  sulfide  (approximately  one  month)  • 
Underwood  is  doubtful  if  this  catalyst  has  been  run  for  a 
sufficient  length  of  tire  to  verify  the  claims  made  for  it. 

Both  Japanese  and  English  investigators  have 
reported  that  small  amounts  of  hydrogen  sulfide  in  the 
synthesis  gas  act  catalytically  to  increase  the  yields  of 
kogasin.  (This  term  is  a  contraction  of  the  German: 

Kohle -Gas -Benzine  referring  to  the  total  product  from  the 
synthesis,  consisting  almost  entirely  of  hydrocarbons  ranging 
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from  ©thane  to  solid  paraffin.)  Herington  and  Woodward  (49) 
have  obtained  the  following  results  for  cob alt- tb or i a- 
Kieselguhr  (100sl8jl00) : 


Table  I 

Ratio  of  Hydrocarbon 
Yield  to  Corresponding 
Yield  before  Addition  of 


Sulf ur 


Amount  of  Sulfur 
Added 

milligrams  per  gran 
of  catalyst 

Catalyst 
Temper  ature 

°C 

Condensed 

Oil 

Hydrocarbons 
in  Off-Gas 

n *  1.7 

0.00 

183 

1.0 

1.0 

0.07 

183 

2.3 

1.0 

3.50 

IBS 

2.1 

0.8 

7.94 

183 

•  •  • 

0.5 

7.94 

195 

2.0 

1.3 

13.4 

195 

1.5 

•  •  • 

33.5 

207 

1.2 

2.1 

The  addition  of  hydrogen  sulfide  containing  nore  than  8  milli¬ 
grams  of  sulfur  per  gram  of  catalyst  resulted  in  a  continuous 
decrease  in  activity.  This  was  offset  by  a  rise  in  temperature 
as  shown  in  the  table.  Amounts  of  sulfur  above  the  quantities 
listed  reduced  the  catalyst  activity  until  complete  poisoning 
took  place.  Since  the  sulfur  content  builds  up  on  the  catal:^st, 
the  upper  limit  of  the  values  in  the  table  will  be  reached  and 
exceeded.  From  this  investigation  it  is  apparent  that  low 
hydrogen  sulfide  as  well  as  low  total  sulfur  content  is 
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necessary.  This  is  particularly  important  since  sulfur  poison¬ 
ing  is  irreversible  --  the  catalyst  cannot  be  reactivated. 

As  mentioned  above  synthesis  gas  must  be  free  from 
oxygen  as  well  as  sulfur  since  oxygen  also  poisons  the 
catalysts.  The  metal  carbide  formed  on  the  catalyst  surface 
is  very  prone  to  oxidation.  Thus  activity  is  destroyed.  A 
high  temperature  activation  (hydrogen  flow  over  the  catalyst 
at  380-400°C.)  revivifies  the  catalyst. 

Catalysts 

A  Fisoher-Tropsch  catalyst  has  been  defined  as 
one  which  below  ten  atmospheres  of  pressure  produces  hydro¬ 
carbons  almost  exclusively.  As  the  pressure  is  increased  abo\To 
ten  atmospheres  oxygenated  compounds  are  formed.  According 
to  Komarewsky  and  Riesz  (52)  the  functions  of  a  catalyst  ares 
the  ability  to  form  a  carbide  from  carbon  monoxide,  hydro¬ 
genating  ability  and  polymerizing  ability. 

Research  workers,  at  an  early  date  in  their 
investigations,  found  that  the  main  elements  which  fulfil 
the  above  requirements  are  in  group  VIII  of  the  periodic  tablo . 
To  date  the  only  elements  of  tills  group  which  have  proved  to 
be  suitable  are  cobalt,  nickel,  iron  and  r^uthenium.  Cobalt 
and  nickel  are  usually  grouped  together  as  one  type  while 
iron  and  rfyuthenium  are  a  second  and  third  type  respectively. 
Cobalt,  nickel  and  Iron,  howevor,  may  be  grouped  together 
since  all  workers  have  found  that  they  are  characterized  by 
high  sensitivity  to  temperature  and  to  poisons  such  as  3ulfur. 
Very  recently  the  Germans  are  reported  to  have  developed 
catalysts  the  main  element  of  which  lies  outside  group  VIII 
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of  the  periodic  table, (78) 

The  available  literature  indicates  that  cobalt 
catalysts  behave  more  favorably  than  any  of  the  others. 
According  to  Underwood  (75)  in  addition  to  giving  the  highest 
yields  of  hydrocarbons  they  have  the  longest  life.  Cobalt 
catalysts  lose  activity  slowly  when  used  in  the  pressure 
range  from  1  atmosphere  to  7  atmospheres  (6)  .  For  the  first 
six  months  they  must  be  activated  every  four  to  seven  da;/s 
with  hydrogen  at  10-15°C.  above  operating  temperatures.  After 
this  period  it  is  necessary  to  activute  them  with  hydrogen 
at  3S0-400°C. 

Fujimura  and  Tsun.eoka  (42)  found  that  cobalt 
catalysts  containing  five  to  ten  percent  copper,  four  to 
fifteen  percent  manganese  oxide,  four  to  twelve  percent  thoria 
alumina  or  uranium  oxide  mixed  with  one  and  one -quarter  tines 
thoir  weight  of  kieselguhr  yielded  120-170  cc.  of  liquid 
hydrocarbon  per  cubic  meter  of  synthesis  gas  in  one  pass. 

When  equal  parts  of  cobalt  and  nickel  woro  used,  without  the 
addition  of  thoria  or  alumina  promoters,  a  very  poor  catalyst 
for  hydrocarbon  synthesis  resulted.  Workers  at  the  Kaiser 
Wilhelm  Institute,  Germany,  state  that  mixtures  of  nickel 
and  cobalt,  with  or  without  promoters  and  inerts,  are  not 
satisfactory  (6G^ 

In  most  of  the  work  done  by  Fischer  and  his 
associates  a  cobalt-copper- tloria-kiesolruhr  catalyst  has  boon 

i 

used.  With  a  cobolt-thoria-kieselguhr  catalyst  at  six 
atmospheres  pressure  andA  2Iig/lCo  mixture  of  gas  a  maximum 
yield  of  183  grains  per  cu.  meter  was  obtained.  This  is  oighty 
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eight  percent  of  the  theoretical  yield  of  200  grams  per  cu, 
meter  (69)  .  from  experimental  work  on  loss  of  cobalt  catalysts 
due  to. formation  of  carbonyls  it  w as  found  that  under  50 
atmospheres  of  pressure,  the  cobalt  catalyst  does  not  form 
carbonyls.  Above  100  atmospheres  consumption  of  the  catalyst 
by  vaporization  of  the  carbonyls  was  noted  (25) .  Very  recent 
information  states  that  cobalt  catalysts  are  the  only  ones 
suitable  for  synthesis  at  at.nospheric  pressure  (6G). 

The  overall  reaction  using  a  cobalt  catalyst  is 

written  as; 

9C0  +  19Hg  — ►  ^9iJ20  +  ®  HgQ  —  2G7,  GOO  calories 
Nickel  catalysts  have  been  used  with  varying 
degrees  of  success.  Since  tho  hydrogenation  tendency  is  much 
greater  with  nickel  than  with  cobalt  a  more  saturated  product 
results,  giving  a  gasolino  fraction  with  a  lower  octane 
number. 

Fujimura  and  Tsunooka  (42)found  that  nickel  with 
20$  manganese  oxide  and  4«°>$  of  t  >oria,  alumina,  tungstic 
oxide  or  uranium  oxide,  along  with  1.25  tines  its  weight  of 
kioselguhr,  yields  100-1G0  cc.  of  liquid  hydrocarbon  per  cubic 
meter  of  synthesis  gas.  The  optimum  temperature  incroasod  ft?om 
185  to  210°C . 

In  reports  published  by  Fischer  and  his  oo-worcor3 

(22)  nickel  catalysts  using  L  oria  or  manganese  oxide  as  a 

a 

roi  .otei  and  kieselguhr  asA  refractory  were  described.  At 
200°C.  a  yield  of  from  100-153  cc.  por  cu.  meter  of  synthesis 
gas  was  obtained.  The  precipitation  method  was  claimed  ns 
the  best  preparatory  procedure  to  be  followed.  Potassium 
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carbonate  was  the  zao3t  effective  precipitator.  Thirteen 
percent  thoria  was  the  optimum  amount  and  it  was  found  that 
the  weight  of  kieselguhr  should  be  equivalent  to  the  metal 
used.  The  reduction  temperature  was  450°C.  In  the  Initial 
stages  it  was  possible  to  get  65$  of  the  total  CO  to  liqu5.d 
hydrocarbons  and  the  rost  to  gaseous  hydrocarbons.  After 
five  weeks  of  operation  the  yield  had  only  dropped  17$. 

Since  manganese  was  found  to  have  the  same  favorable  action 
as  thoria  and  is  less  expensive,  it  was  used  to  replace 
thoria.  Just  as  nickel  was  used  to  replace  cobalt  for  the 
same  reason. 

In  1932,  the  same  workers  (34)  used  a  nickel, 
manganese,  alumina,  kieselguhr  catalyst  in  a  pilot  plant. 

The  catalyst  was  prepared  by  precipitation  from  the  nitrates 
with  potassium  carbonate  followed  by  washing,  drying  and 
reduction.  Revivification  of  the  catalyst  was  done  every 
1,000  hours  by  oxtr action  of  the  solid  paraffin,  using 
gasoline.  The  synthesis  product  contained  15-38$  unsaturated 
hydrocarbons  and  had  an  octane  nunhor  of  5R.  ratio  of 
gasolinej to  oils  above  22)°C.|to  paraffin  wax,was  4:1:0. 2. 

In  19  72.  Fischer,  Roelen  and  Foist  (55)  recorded 
the  superiority  of  a  nickel  catalyst  over  the  cobalt 
catalysts  that  they  had  boon  using.  This  catalyst  consisted 
of  the  oxides  of  nickel,  manganese  and  aluminium  precipitated 
on  kieselguhr.  The  preparation  is  as  follows:  to  a  solution 
of  250  parts  nickel  nitrate .6H20 ,  50  parts  manganese  nitrate. 
6HgO,  34  parts  aluminium  nitrate.  9HgO,  in  GOO  pints  of 
distilled  water  is  added  60  parts  of  ldeselguhr,  the  mixture 
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being  at  room  temperature.  1 ext  is  added  a  aolution  of  210 
parts  anhydrous  potassium  carbonate  in  600  parts  distilled 
water.  The  resulting  mixture  is  then  boiled  and  filtered. 

The  precipitate  is  washed  with  600  parts  of  hot  water  and  is 
dried  in  an  air  stream  at  110°C.  The  product  can  be  used  as 
a  powder  or  as  a  coarse  dried  material.  A  yield  of  130  cc. 
per  cu.  meter  was  reported  in  the  initial  stages  of  synthesis 
using  this  catalyst.  After  four  weeks  the  figure  liad  dropped 
to  120  cc.  per  cu.  meter.  These  yields  were  for  a  2Hg/lC0 
synthesis  gas  passed  at  four  litres  per  hour  over  the  above 
mentioned  catalyst,  where  the  metallic  nickel  content  was 
four  grams.  The  optimum  synthesis  temperature  started  at 
190°G .  with  an  increase  to  210°C .  towards  the  end  of  the 
run.  As  a  regeneration  step,  a  current  of  hydrogen  was 
passed  over  the  catalyst  bed  at  a  temperature  of  450 °0 . 

This  temperature  was  maintained  for  about  four  hours.  It 
was  found  that  gaseous  ammonia  with  the  hydrogen  greatly 
extended  catalyst  life.  After  reduction  the  catalyst  was 
again  very  active. 

In  another  report  by  Fischer  in  1943  (25) 

earlier  statements  would  seem  to  be  contradicted.  This 
latter  report  states  that  nickel  catalysts,  with  their 
tendency  towards  hydrogenation,  are  not  suitable  for 
•  synthesizing  liquid  hydrocarbons.  In  addition,  at  high 
pressure  they  form  nickel  carbonyls  and  are  gradually  carried 
out  of  the  catalyst  chamber. 

Cobalt  and  nickel  are  relatively  expensive 
metals.  This  fact  ha3  greatly  stimulated  the  search  for 
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cheaper  catalysts.  As  a  result  a  great  deal  of  research  has 
been  conducted  on  iron  catalysts. 

Fischer  and  Tropsch  in  1928  (37)  reported  on 
their  experimentations  using  an  iron-copper  catalyst  at 
atmospheric  pressure.  The  product  consisted  of  paraffins 
and  olefins.  The  fraction  oiling  between  60°  and  185^0 • 
contained  70;>  mono-olefins.  Decarriere  and  Antheaurae  (68) 
claimed  an  improvement  when  they  used  less  copper  in  the 
iron-copper  catalyst.  Kodama  and  Fujimura  (51) studied 
catalysts  of  iron-copper  having  the  following  ratios:  1:2, 

1:1,  o:l  and  5:1.  Little  or  no  difference  in  catalyt  c 
activity  could  be  observed  in  the  four  mixtures. 

Japanese  research  workers  (73)  usod  iron,  copper, 
kiosolguhr  und  potassium  carbonate  in  the  ratio  of  4:1:5:0.08. 

To  some  of  this  catalyst  they  added  0.8  parts  of  manganese. 

The  yields  were  respectively  83  and  8H  cu.  c*>  of  liquid 
hydrocarbons  per  cu.  meter  of  2Hg/lC0  synthosis  gus.  The 
oxygen  from  the  CO  in  the  synthesis  gas  appeared  as  carbon 
dioxide  Instead  of  as  water  as  with  cobalt  and  nickel  catal7,rsts. 
The  optimum  copper  concent  was  found  to  be  20-40#  while  the 
optimum  potassium  carbonate  content  was  from  2-3#.  If  above 
2.5#  nickel  was  added  to  the  catalyst,  water  formation 
took  place.  Important  work  on  iron-copper  catalysts  was 
done  by  Kidus  (17). 

Iron  catalysts  can  be  raado  to  produce  about  the 
Aocs 

same  yiold  as  cobnltAin  the  synthesis  (25).  It  is  desirable 
to  have  the  gas  richer  in  CO  than  Hg.  The  product,  when 
analysed,  is  more  unsaturated  and  thero  are  many  more  oxygen 
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compounds  formed. 

Information  made  available'  from  Germany  in  June 
1945  was  emphatic  in  the  statement  that  the  use  of  iron 
catalysts  in  the  synthesis  was  considered  only  as  a  wartime 
necessity,  due  to  the  shortage  of  cobalt,  but  iron  catalysts 
were  actually  never  used  in  commercial  installations  (78)  . 

Summarizing  the  properties  of  iron  catalysts  (6) 
they  are  as  follows:  at  one  atmosphere  pressure  activity  is 
lost  in  a  few  days,  but  at  7  atmospheres  pressure  good 
behavior  can  bo  obtained.  When  the  activity  i3  once  lost  it 
cannot  bo  regained.  The  overall  reaction  may  be  represented 
as: 

18C0  +  10H2  — v  Cgll  o  +  9C02  —  211,000  calories 

Table  II 

Duration  of  Life  and  Yields  of  Catalysts  Recently  Studied  (23) 

Recovery  Life  till  Decroasod 
Catalyst  per  cubic  to  80#  of  Original 


meter 

Activity 

Iron 

Fe-Cu-Mn-Silicagel  0.4#  K2CO3 

«jC -»:>5  g . 

8  days 

Fe-Cu  proc.  on  Kieselruhr 

28  g. 

8  days 

Nickel 

Ni-Th  prec.  on  Kieselguhr 

100  g. 

30  days 

Ni-I’n-Al  prec.  on  Kieselguhr 

105  g. 

45  days 

Cobalt 

Co-Th  prec.  on  Kieselguhr 

110  g. 

60  days 

CO-rn  prec.  on  Kieselguhr 

105  g. 

1  in. 30  days 

Co-l'fi  alloyed  (S’  ) 

95  g. 

12  days 

Co-Th-Cu  proc.  on  Kieselguhr 

105  g. 

60  days 
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In  1938  the  synthesis  of  high  melting  point 
wax  on  ruthenium  catalysts  at  high  pressures  was  reported 
(14)  #  Ruthenium  was  found  to  produce  solid  hydrocarbons 

more  effectively  than  any  other  element  of  group  VIII  ir. 
the  periodic  table.  At  100  atmospheres  pressure  and  195°C., 

100  grams  of  paraffin  wax  and  50  grams  of  oil  were  obtained 
per  cu(  meter  of  gas.  The  catalyst  proved  to  be  very  stable. 
Fischer  and  co-workers  (27)  tested  a  ruthenium  powder 
catalyst.  A  low  yield  of  hydrocarbons  was  obtained  at 
atmospheric  pressure.  At  approximately  90  atmospheres  of 
pressure  120  grans  of  product  per  cu.  meter  was  obtained. 

Eighty  to  ninety  percent  of  this  amount  was 
solid  paraffin.  Many  syntheses  have  teen  carried  out  with 
this  catalyst  at  pressures  up  to  1,000  atmospheres. 

Recently  two  new  syntheses  have  been  announced, 
’’naphthene  synthesis”  and  ’ i sosynthesis” •  No  information 
is  available  on  the  former  but  some  literature  has  been 
published  on  ” isosynthesis”  (14)  •  liy  this  process  isoparaffins 
arc  produced  directly  giving  u  gasoline  fraction  with  a 
high  octane  number.  The  C4  fraction  is  claimed  to  contain 
90^  isobutane.  A  robust  masslvo  iron  catalyst  is  used  at 
200  p.s,i.  and  300°C .  Since  reduction  temperature  is  850°C, 
little  if  any  iron  oxide  is  present.  Catalysts  reduced  at 
lower  temperatures  than  G50°C •  contain  some  ferrous  oxide. 

From  the  meager  information  available  (6)  the  yield  per 
pass  is  low,  around  one  percent,  so  a  high  recycle  must  be 
used. 

Information  rooontly  published  (39),  tolls  of 
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a  new  process  developed  since  1941  by  Fischer,  PicMer  and 
Ziesecke,  which  produces  large  quantities  of  iso-paraff ins , 
Ruthenium  and  cerium  ore  thought  to  be  the  active  netals 
used. 

During  the  war  Ger  an  scientists  at  the  Kaiser 
Wilhelm  Institute  conducted  research  in  an  attempt  to  perfect 
the  "iso synthesis”  (78).  The  best  catalyst  found  proved 
to  bo  one  produced  by  the  co-precipitation  of  alumina  and 
thoria.  Zinc  oxido-aluminn  appeared  to  be  nearly  as  active 
and  was  cheaper.  If  the  carbon  deposit  was  burnt  off  the 
catalyst  every  two  weeks,  it  could  be  used  continuously  for 
over  six  months  without  appreciable  decline  in  activity. 

Operating  conditions  were  about  300  atmospheres  pressure  and 
420-450°C.  Lower  pressures  gave  reduced  yields 
pressures  above  500  atmospheres  gave  increasingly  greater 
percentages  of  oxygenated  products.  At  1,000  atmospheres 
the  principal  product  was  dimethyl  ether.  Above  450°C. 
the  product  became  principally  naphthenic  with  excessive 
carbon  deposition.  Heat  evolution  was  of  the  sane  order  ns 
for  the  normal  synthesis .  twenty  cubic  centimeters  of  a  two 
to  four  millimeter  catalyst  found  necessary  for  each 
ten  litros  of  synthesis  gas  per  hour.  The  yields  from  a 
zinc  oxide-alumina  catalyst  using  a  lHg/lCO  ratio  gas 
were  as  follows: 

Total  yield  of  C3+  =  120-130  grams  per  cu.  meter 

"  ”  ”  O3  =  20  grans  per  on.  meter. 

"  "  ”  C4  (90#  isobutane)  =  50-R0  gra  is  per  cu.  meter 

w  ”  "  Cgt(97#  iso-compounds)  =  30-60  gra;  s  per  cu. 

meter  • 
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Synthesis  of  aromatics  using  chromium,  molybdenum 
and  t>oria  as  catalysts  was  also  studied.  The  conditions  were 
SO  atmospheres  pressure  and  500°C •  temperature.  The  poor 
yields  obtained  (8-10  grains  per  cu .  meter,  about  50$ 
aromatic)  le^d  the  workers  to  abandon  this  work. 

All  catalysts  mentioned  so  far  have  been  made 
by  precipitation  methods.  The  precipitate  is  usually 
obtained  by  the  action  of  an  alkaline  carbonate  on  the  metal 
nitrate  followed  by  filtration  and  drying. 

Besides  precipitation,  catalysts  can  be  made 
by  fusion  of  the  metals  followed  by  chemical  treatment. 

Haney  (62)evolved  this  method.  Alloys  of  nickel  or  cobalt 
or  the  elements  themselves  are  mixed  with  silicon  or  aluminium 

•  *  i 

end  fused  in  a  furnace.  The  silicon  or  aluminium  is  then 
removed  by  means  of  sodium  hydroxide  to  leave  a  skeleton 
catalyst  ,Thwia  porous  spor.go  catalyst  is  produced  with  a 
greatly  developed  surface  and  a  high  activity.  It  was  found 
that  sodium  hydroxide  was  the  best  reagent  with  which  to 
dissolve  the  silicon  or  aluminium.  Potassium  hydroxide  could 
be  used  but  other  bases  were  unsuitable.  Fischer  and  his 

have 

associates  ( 30)A  reported  that  silicon  alloys  yiol 
catalysts  of  higher  activity  than  those  obtained  from  alum¬ 
inium  alloys.  In  general  they  noted  that  alloyed  catalysts 
lose  their  activity  faster  than  catalysts  prepared  by  the 
precipitation  method  but  they  are  bettor  heat  conductors. 

Later  Rapoport  and  Polozhintnva  (63) tested  nickel  and 
cobalt  catalysts  prepared  in  the  above  manner.  The  maximum 
yield,  which  resulted  between  170-17  5°C r’id  not  oxceod  100  cc. 
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per  cu.  meter  of  synthesis  gas  using  a  nickel  catalyst.  With 
a  cobalt  catalyst,  however,  a  maximum  yield  of  175  cc.  per  cu. 
meter  was  obtained  at  200°C  • 

It  is  essential  that  a  catalyst  be  produced  which 
has  as  long  a  life  as  possible.  Operating  conditions  greatly 
influence  the  life  of  a  catalyst.  It  has  been  reported 
that  the  longest  life  possible  is  in  the  region  of  six 
months  (75) •  The  activity  of  cobalt  catalysts  may  be  restored 

v 

by  treat  .ant  with  hydrogen  at  a  relatively  low  temperature. 

Low  temperature  activations  at  a  te  perature  of  20Q°815®C#are 
employed  periodically.  ligh  te  perature  activations  are 
conducted  at  330-40Q°C •  to  clean  the  catalyst  surface  of  sore 
of  the  foreign  compounds.  The  latter  treatment  should  only 
be  necessary  after  the  catalyst  has  been  in  use  for  some 
ti  me  • 

Many  of  the  synthesis  catalysts  are  made  up  of 
three  ingredients:  the  catalyst  metal  or  metals, one  or  more 
catalyst  promoters  and  an  inert  carrier. 

Naphtali  (58)  has  stated  that  copper  is  beneficial 
with  an  iron  or  cobalt  catalyst  since  it  lowers  the  temperature 
rocos3ary  for  the  reduction  of  carbon  monoxide.  It  is 
ineffective  with  nickel  catalysts.  Thoria  and  manganese,  when 
precipitated  with  cobalt  or  nickel,  appear  to  distort  the 
metal  surface  giving  a  beneficial  effect.  Alkalies  in 
small  quantities  favor  the  formation  of  paraffins,  when  used 
with  iron  catalysts.  Maxtod  (54)  found  thoria  the  most 
offoctive  promoter  of  the  catalytic  action  of  cobalt  for 
production  of  hydrocarbons  by  the  riocher-Tropsch  process. 
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A  mixture  of  five  parts  cobalt  oxide  to  one  of  thoria  proved 
the  best,  Makino  and  his  associates  (55)  investigated  the 
influence  of  several  elements  ar.d  compounds  upon  iron 
catalysts.  Of  aluminium  compounds  only  alumina  showed  an 
activating  effect.  If  a  copper  promoter  is  replaced  by  silver 
the  catalyst  is  weakened  and  more  waxes  are  formed.  Calcium, 
barium,  bismuth,  cadmium,  lead  and  tin  weakened  the 
catalytic  activity  of  iron. 

In  addition  to  k$£selguhr  as  an  inert  carrier 
or  support  for  cobalt  and  nickel  catalysts,  various 
researchers  have  recommended  asbestos,  magnesium  carbonate, 
barium  sulfate,  silic  n  carbide,  chromium  oxide,  aluminium 
oxide  and  silicates,  Kieselguhr,  however,  is  the  generally 
acco  ted  carrier,  Eidus  and  his  follow  workers  (1G) proved 
that  the  yield  and  properties  of  the  product  were  dependent 
to  some  oxtent  upon  the  type  of  kieselguhr  usod.  Sinco  it 
i3  necessary  that  much  of  the  heat  given  by  the  exothermic 
reaction  bo  conducted  away  from  the  catalyst  Fischer  and 
Mey»r  (29)  attempted  to  find  a  heat  conducting  catalyst* 

They  usod  graphites  of  different  degrees  of  purity  as  carriers 
because  they  ore  much  hotter  conductors  of  heat  than 
kieselguhr .  The  yields  with  graphite,  however,  were  equally 
as  low  as  with  no  carrier  at  all.  Supporters  for  iron 
catalysts  have  not  proved  advantageous. 

Process  Variables 

The  yields  and  properties  of  the  products  of 
the  Fischer- Tropsoh  Synthesis  vary  with  changes  of  press's?©, 
tonporature,  contact  tl  e,  ratio  of  carbon  monoxide  to 
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hydrogen  in  the  synthesis  gas  and  diluents. 

The  original  synthesis  was  conducted  under  high 
pressures  varying  from  100  to  150  atmospheres  but  instead  of 
high  yields  of  hydrocarbons  a  mixture  of  alcohols,  aldehydes 
and  hydrocarbons  was  obtained.  Greatly  reduced  pressures 
(7  atmospheres  or  less)  were  later  discovered  to  be  required 
for  the  elimination  of  most  of  these  oxygenated  compounds 
and  the  increased  production  of  paraffin  compounds.  The 
catalysts  then  in  use  however,  were  not  active  enough  to 
produce  practical  yields.  In  1925-1926  Fischer  and  Tropsch 
(56)  succeeded  in  preparing  a  catalyst  which  could  be  used 
at  atmospheric  pressure.  The  resulting  product  consisted 
mainly  of  paraffins  ranging  from  ethane  to  solid  paraffin 
wax.  Almost  no  oxygenated  compounds  were  present.  In  the 
’’normal  pressure  synthesis’6  the  yield  dropped  from  130  to 
100  grams  per  cu.  meter  of  synthesis  gas  in  four  weeks. 

This  was  considered  too  rapid  a  drop  in  catalyst  activity  so 
rose  arch  was  continued.  However,  very  recent  reports  from 
Germany  state  that  it  is  this  synthesis  which  was  in  common 
use  there . 

Industrial  interest  in  the  synthesis  was 
accelerated  by  the  discovery  in  1956  of  the  ’’middle  pressure” 
process  (13)  •  At  pressures  between  5  and  15  atmospheres  an 
optimum  yield  of  hydrocarbons  was  obtained  and  catalyst 
activity  was  not  us  greatly  impaired.  A  production  of  150 
grams  per  cu.  meter  of  synthesis  gas  was  obtained  initially 
and  decreased  to  about  100  grams  per  cu.  meter  after  26  weeks 
of  operation.  This  fact  v/as  explained  by  Flacker  and  Pic  lor (33) 
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on  tho  basis  that  certain  poisons,  such  as  o::ygen  compounds* 
are  hydrogenated  to  harmless  products  under  the  conditions 
of  the  "middle  pressure5'  process. 

Graph  number  one  illustrates  the  yields 
obtained,  over  a  period  of  weeks  when  different  operating 
pressures  wore  used.  Five  atmospheres  pressure  is  shown  to 
give  the  least  decline  in  yield  for  the  cobalt  catalyst 
employed •  Graph  number  two  shows  the  effect  of  variation  of 
pressure  on  the  average  yields  obtained  again  using  a  cobalt 
catalyst  • 

Table  III 


Yields*  of  Hydrocarbons  at  Different  Pressures 
in  Gna,  per  Cubic  he  ter  (75) 


Gauge 

Pressure 

Atm. 

Solid  +  lq. 

H ydro - 
carbons 

Paraffin 

Wax 

Oil 
( above 
200°C . ) 

Gasoline  Caseous  hpdro- 
Fractlon  carbons 

(below  including 

200°C . )  C-  and  C4 

0 

117 

10 

38 

69 

38 

1.6 

151 

15 

43 

73 

50 

5 

150 

60 

51 

39 

35 

15 

145 

70 

3G 

39 

33 

50 

138 

54 

37 

47 

21 

150 

104 

27 

34 

43 

51 

1  average 

i  yields  per 

cubic  meter  of  ideal  gns  over 

4  weeks 

operation  with  a  single  passage  of  the  gas  over 

the  catalyst 

and  without  rovivif ication  of  the  catalyst. 

The  synthesis  of  hydrocarbons  from  CO 

andHg  ha3 

been  found  to  bo  a  temperature 

sensitive  reaction. 
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FIGURE  1  -  EFFECT  OF  PRESSURE  UPON  YIELD  OF  HYDROCARBONS 
(Co-Th02“'Ki©3elguhr  Catalyst) 


FIGURE  2  -  EFFECT  OF  PRESSURE  ON  CATALYST  ACTIVITY 
AND  LIFE  (Co-ThOg-  .Kioselguhr  Catalyst) 


and  l  urata  (72)  working  on  cobalt  catalysts  have  reported 
that  even  the  most  active  catalysts  give  a  sIot;  rate  of 
reaction  below  17  5°C.  and  above  225°C.  the  reaction  produces 
methane  at  the  expense  of  the  liquid  hydro  carbon  -rield. 

The  optimum  synthesis  temperature  for  cobalt  catalysts  lies 
between  19 5°  and  200°C •  A  slight  increase  in  temperature 
is  necessary  aa  the  activity  of  the  catalyst  declines. 

Between  300  and  350°C.  the  methane  reaction  is  predominant. 

The  oxygen  from  the  carbon  monoxide  appears  in  the  reaction 
product  aa  carbon  dioxide  and  not  as  water  at  this  temperature 
Uickel  catalysts  behave  In  a  similar  manner.  Iron  catalysts 
aro  rex>orted  to  produce  maximum  yields  of  liquid  and  solid 
hydrocarbons  at  250°C.  (6)  . 

The  contact  time  is  an  important  process  variable 
The  allowable  space  velocities  are  very  low  -  between  100 
and  150  per  hour  based  on  catalyst  volume.  Any  further 
increase  in  throughput  la  hampered  by  the  difficult  ho  at 
transfer  problems  arising  from  the  oxothermic  nature  of  the 
reaction  • 

Myddleton  ( 56)  found  that  the  time  of  contact 
greatly  Influences  the  properties  of  the  product.  A  larger 
space  velocity  resulted  in  a  product  which  contains  nx>re 
olofins  but  the  yields  drop  off.  The  use  of  a  multi-stage 
process  with  removal  of  tho  product  between  stages  was 
suggested. 

With  constant  throu$iput  a  chango  in  the  volume 
of  catalyst  in  a  convertor  gives  the  same  effect  as  changing 
tho  spaoo  velocity.  Tsuneoka  and  his  co-wor1  era  (70)  havo 
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e xp crime n t e d  with  variations  of  optimum  length  of  catalyst 
tube  with  changes  in  tube  diameter.  Ten  grams  of  cohalt- 
nickel  catalyst  were  used  with  a  flow  offour  litres  per  hour 
of  synthesis  gas.  For  IS  m.m.  diameter  tubing  50  cms,  was 
the  optimum  length.  If  a  tube  was  used  which  was  shorter 
than  the  optimum,  the  average  molecular  weight  of  the  liquid 
hydrocarbon  product  decreased  and  more  gaseous  hydrocarbons 
were  produced.  With  a  length  which  was  longer  than  the 
optimum,  channelling  occurred  giving  reduced  yields.  Vith 
other  variables  constant,  an  increase  in  the  charge  of 
cobalt-nickel  catalyst  over  a  limiting  amount  to  any 
convertor  (keeping  the  sane  grams  catalyst  per  c.c.)  did 
not  effect  the  yields  of  liquid  hydrocarbons  but  it  did 
increase  the  amounts  of  CO 2  and  gaseous  hydrocarbons.  A 
chargo  under  the  optimum  amount  gave  hydrocarbons  which  were 
more  unsaturated  and  had  a  liquid  product  of  lower  molocular 
weight,  and  the  yields  were  reduced. 

Using  a  oobalt-thoria-kieselguhr  catalyst 
( 100 1 in  1 100)  at  10  atmosphores  pressure  with  two  stage 
operation,  Fischer  and  Plchler  (fiS)  studied  the  influence 
of  contact  time  on  yields  and  pro  or ties  of  the  products. 
Eight  grans  of  catalyst  wore  used  in  the  first  stage  and 
four  £??ams  in  the  seoond. 
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Table  IV 


ihrougjiput 

Tem] 

ler ature 

Yield 

in  grams 

per  cu 

.  meter 

/fer •/ dm*  .Cat 

.  Is  1 

Condensed 

in  litres 

Stage 

Stage 

I  ydr 0  - 
carbons 

Gasoline 

C3C4 

C2 

ci 

O 

2.16 

213 

.5 

214 

96 

26 

19 

1 

33 

141 

1.12 

189 

189 

141 

15 

10 

2 

16 

166 

0.87 

190 

192 

144 

15 

12 

2 

19 

171 

0.83 

191 

192 

144 

16 

13 

1.4 

19 

173 

0.43 

184 

184 

151 

14 

15 

2 

12 

180 

0.27 

178 

177 

137 

11 

16 

1 

12 

184 

0.25 

177 

177. 

5  159 

11 

16 

1 

11 

186 

The  condensed  hydrocarbon  is  liquid  at  10  atmospheres  and 
room  temperature. 


These  workers  noticed  the  small  amounts  of  s 
formed  during  the  reaction.  This  was  explained  by  a  discus¬ 
sion  on  mechanism  of  reaction  which  is  deslt  with  in  a  lator 
section.  The  yield  of  solid  paraffin  and  hippier  hydrocarbons 
was  found  to  decrease  with  increasing  throughput.  At 
maximum  yield  the  product  contained  4 8$  solid  paraffin, 

44$  liquid  hydrocarbon  and  8$  C  and  C/?.  At  a  throughput  of 

o 

2.0  litros  per  hour,  145  gra  s  of  C3  hydrocarbons  and  higher 
were  obtained  of  which  14$  was  solid  paraffin,  75$  liquid 
hydrocarbons  and  15$  C3  and  .  The  greater  methane  forma¬ 
tion  was  explained  by  the  increased  operating  temperature. 

It  was  found  that  at  constant  temperature  yields  of  C3 
hydrooorbons  and  higher  dropped  rapidly  with  increased 
throughput • 

Much  re  sear  oil  has  been  conducted  to  do  tor  mine 
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the  best  ratio  of  constituents  to  be  used  in  the  synthesis 
gas.  The  most  generally  accepted  ratio  for  all  but  iron 

catalysts  is  a  RKg/lCO. 

Pi 8 cher,  Roelen  and  Feist  (^5)  have  reccas'ended 
this  xture  because  it  undergoes  the  required  reaction  at 
the  highest  rate  and  furnishes  maximum  yields  of  products 
P©r  cubic  meter  of  gas.  ’i’Tien  the  S7/nthesis  gas  contains 
more  CO  than  called  for  in  the  stoicbiometrical  equation, 
the  amount  of  liquid  product  and  its  ion  saturation  increases 
tut  the  reaction  rate  becomes  slower,  fore  carbon  dioxic?e 
In  also  produced.  A  hydrogen  content  in  excess  of  the  above 
ratio  results  in  more  gaseous  products,  more  saturation  and 
more  raj>id  conversion.  The  influence  of  the  gas  ratio  may 
be  minimized  by  regulating  the  synthesis  temperature  so  that 
it  is  higher  for  CO  rich  gas  than  for  Ilg  rich  gas. 

Herington  and  Woodward  have  studied  the 

effect  of  a  high  Kg/CO  ratio  in  the  inlet  gas.  The  formation 
of  hydro o or bons  of  lower  molecular  v/eight  is  favored.  Using 
a  ratio  of  8.44  H2/ICO  no  oil  or  wax  was  obtained.  The 
reaction  favored  was  thusi  CO  +  SHg  CH4  +  HgQ. 

Myddleton  believes  that  a  mixture  known 

as  blue  water  gas,  lHg/lCO,  should  be  used  with  nickel  and 
cobalt  catalysts.  The  latter  catalyst  with  this  gas  mixture 
gives  an  oil  containing  50$  olefins,  while  a  gas  of  ratio 
of  P/l  with  the  some  catalyst  gave  only  35$  olefins.  By  means 
of  two  stage  operation  a  gasoline  of  G5  octane  number  was 
obtained  from  the  first  stage  and  GO  octane  number  from  the 
socond  stage.  When  blue  water  gas  is  used  the  olefins  formed 
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In  the  reaction  are  not  hydrogenated  and  since  this  reaction 
produces  7$  of  the  total  heat  liberated*  less  heat  is  given 
out.  This  is  advantageous. 

The  synthetic  oil  produced  from  a  2Hg/lC0  gas 
v;as  claimed  to  be  so  inferior  in  octane  number  that  a 
cracking  plant  would  have  to  be  built.  Here  the  los9  in- 
gasoline  yield  would  be  high  -  about  19$  of  the  total 
throughput . 

Underwood  (50)  strongly  attacks  the  work  done 
by  Kyddloton.  By  calculation  it  was  shown  that  25$  more  blue 
water  gas  was  required  than  if  the  water  gas  was  converted 
into  synthesis  gas  of  2Hg/lC0  ratio.  A  corresponding 
increase  in  the  size  of  equipment  would  be  necessary.  The 
cittking  of  the  product  from  2Hg/lC0  gas  was  thought  to  be 
more  advantageous  since  the  final  octane  number  was  78 
instead  of  from  65  to  68.  Thus  a  considerable  amount  of 
tetra-othyl  lead  was  saved. 

For  iron  catalysts  a  ratio  of  Hlg/lCO  is  used 
but  Fischer  (25)  recommends  that  the  gas  be  richer  in  CO 
than  Ho . 

To  produce  pure  synthesis  gas  would  bo  expensive 
and  needless.  It  is  claimed  that  the  process  can  operate 
satisfactorily  with  a  diluent  content  as  high  as  from  10  to 
12$.  Even  higher  amounts  have  been  reported.  Ostermeier 
(68)  gives  the  following  as  being  an  average  analysis  of 
the  gas  used  for  commercial  synthesis  in  Germany: 
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H2 

55.0# 

CH4 

0.6# 

CO 

27.5# 

N2 

2.7# 

COg 

14.0# 

°2 

0.2# 

Contrary 

to  other  investigations  Fischer 

Feist 

(35)  have  reported 

that  any  dilution  of  the 

Kg-CO  mixture  results  In  a  .greatly  reduced  rate  of  reaction. 
Inert  gases  such  as  nitrogen  and  methane  act  as  diluents  as 
do  the  products  of  the  reaction  themselves.  The  advantage 
of  worlring  in  stages,  thu3  removing  the  product  at  the  end 
of  each  stage,  was  pointed  out. 

T3uneoka  and  Fujinrura  (71)  have  reported  the 
effect  of  nitrogen,  methane  and  carbon  diox5.de  when  using  a 
nickel-manganese-tboria  catalyst.  It  was  found  that  gaseous 
mixtures  with  less  than  20#  of  these  diluents  could  be  used 
without  producing  a  disadvantageous  effect  on  tho  reaction. 
With  a  40#  addition  of  nitrogen  lower  yields  were  obtained. 

As  can  be  seen  experimental  data  is  contradictory 
on  the  subject  of  diluents.  Carbon  dioxide  is  claimed  to 
reduce  the  yield  of  hydrocarbons  to  the  greatest  degree. 
Fi30her  and  Pichler  have  not  obtained  the  same  conclusions 
from  their  experimentation.  Carbon  dioxide  seems  to  enter 
Into  tho  reaction,  fol  in  a  mixture  of  CO2,  CO  and  Hg  the 
CO  does  not  react  until  after  the  COg  has  reacted. 

Products 

Fischer  (24)  has  summed  up  tho  general  properties 
of  the  products  manufactured  by  the  Fischer-^ropsch  hydro¬ 
carbon  synthesis.  All  are  of  high  purity,  ploasant  odor  and 
ore  colorless.  Since  they  aro  entirely  free  from  sulfur  the 
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only  treatment  required  is  an  alkali  wash  to  rid  them  of 
traces  of  fatty  acids. 

As  stated  previously  the  properties  of  the 
products  obtained  from  cobalt  and  nickel  catalysts  differ 
from  those  produced  using  an  iron  catalyst.  Comparatively 
little  work  has  been  done  on  iron  catalysts  so  data  is  not 
plentiful*  It  is  known  (g)  however,  that  the  latter 
produces  straight  chain  paraff5.n  waxes  and  a  liquid  which  is 
60-70/*  olefins  and  30-40$  paraffins.  This  higher  olefin 
content  gives  the  gasoline  fraction  an  increased  octane 
number • 


Since  cobalt  catalysts  are  in  general  use 
in  the  Fischer-Tropsch  synthesis  of  hydrocarbons,  much  more 
information  is  available  in  connection  with  them.  The  liquid 
products  are  mainly  straight  chain  paraffins  resulting  in  a 
low  octane  numbered  fuel.  Only  minor  amounts  of  aromatics, 
naphthones  and  oxygenated  organic  compounds  are  present. 

The  di©3el  fraction  is  of  high  quality  (g)  .  The  following 
data  has  been  reported  (60)  as  general  for  a  cobalt  base 

catalyst ;  __ 

Table  V 

17 1,  percent  Olefin  content 


Gases  (Gasoil 

8 

50-55$ 

Kogasin  1  (200°C.P.) 

60 

30-35$ 

Kogasin  II  (Diesel  Oil) 

22 

5-6$ 

Solid  Paraffin 

10 

nil 
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End  pt.  of  product 

Octane  Ho. 

T  ,E  ,L  „  per  U  .S  .gal . 
to  give  70  octane 

125°C  . 

52 

0.9 

150°C. 

57 

1.59 

180°C . 

47 

3.G3 

Diesel  oil  has  a  cetane  number  of  100. 

A  more  detailed  analysis  by  fractions  follows: 
Gasol:  Fischer  and  Koch  (28)  have  described  this  as  a  mixture 
of  the  hydrocarbon  series  from  ethane  to  butane  with  some 
pentanes*  T!  e  percentage  of  unsaturates  varies  with  experi¬ 
mental  conditions.  It  has  a  calorific  value  of  up  to  23,000 
cal.  per  cu.  meter  but  because  of  its  great  value  in 
synthesis  work  is  not  used  as  a  fuel. 

Kogasln  I:  Consisting  of  almost  all  open  chain  hydrocarbons, 
this  fuel  is  entirely  free  of  sulfur  and  resins  (28) . 
because  of  the  low  octane  number  Isomerisation  of  the  fraction 
is  being  considered  (24),  Solidification  temperature  is 
-G0°C.  Naphtali  (58)  has  claimed  that  a  47  octane  fuel 
can  bo  brought  up  to  71.5  octane  by  the  addition  of  1  cc. 
tetraethyl  lead  per  litre. 

Kogasln  II:  This  fraction  proved  to  be  superior  to  many  gas 
oils  in  engine  tests  (28)  and  thus  is  considered  by  Fischer 
(24)  to  be  a  future  source  of  transportation  fuel.  Kogasin  II 
boil3  above  G00-220OC .  and  has  a  solidification  temperature 
of  -30°C.  Ilaphtali  (58)  has  stated  that  because  of  the  high 
hydrogen  content  of  the  oil,  less  is  consumed  per  B.T.U. 
than  in  the  case  of  ordinary  oils. 

Solid  Paraffins:  This  fraction  obtained  by  Fischer  and  Koch 
(2  )  had  a  melting  point  of  between  7  5-35°C.  Forty-six 
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percent  of  this  did  not  dissolve  in  ether.  This  insoluble 
material  melted  at  92°C*  Because  of  its  high  purity  and 
good  properties  this  was  claimed  to  be  very  useful  so  would 
find  a  ready  market. 

The  fraction  boiling  between  45-372°C.  was 
Investigated  by  Egloff,  Nelson  and  1  or re 11  (5).  They  have 
stated  that  64$  of  66  octane  gasoline  has  been  obtained  in 
tests,  by  fractionation,  cracking  of  naphtha  and  bottoms  and 
polymerization  of  olefins  in  the  gases.  A  total  of  84.3$  of 
product  boiling  in  the  gasolte  range  could  be  obtained. 

The  yield  of  product  expressed  in  percentage  by  volume  was 
as  follows s 

Light  gasoline  29 .1$ 

Reformed  naphtha  26.8$ 

Cracked  gasoline 

from  bottoms  22.6$ 

Polymerized  gasoline  5.8$ 

84.3$ 

Considering  synthetic  fuels  in  general,  lead¬ 
ing  authorities  have  compared  the  products  of  the  Fisoher- 
Tropsch  synthesis  of  hydrocarbons  with  those  of  the  Bergius 
hydrogenation  process.  They  find  that  the  two  are 
complementary  rather  than  competitive.  The  latter  yields 
high  octane  gasoline  but  only  mediocre  diesel  oil.  The 
Fisoher-Tropsoh  process  on  the  other  hand  yields  poor 
gasoline  but  excellent  diesel  fuel.  Synthetic  lubricating 
oils  can  be  made  from  Fisoher-Tropsch  Kogasin  but  this  is 
impossible  from  the  products  of  the  Bergius  process. 
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Yields 

The  theoretical  yield  from  the  Fischer-Tropsch 
synthesis  of  hydrocarbons  using  one  cubic  meter  of  gas 
containing  two  parts  of  Hg  to  on©  part  of  CO  is  203  grass. 
Underwood  (7  5)  has  reported  that  yields  of  130  to  140  grans 
have  been  reached  commercially  in  a  one  stage  operation, 
while  recent  figures  from  Ger  any  report  yields  of  160  gms./ 
cubic  meter  of  feed  gas.  By  recycling  it  is  possible  to 
transform  almost  100#  of  the  gases  into  liquids  but  the 
economical  aspect  of  this  process  makes  it  impractical. 
Fischer  and  Pichler  (52)  have  developed  a  stepwise  process 
which  has  been  applied  on  a  laboratory  and  pilot  scale  to 
produce  140-150  grams  per  cu.  meter  of  synthesis  gas.  Using 
the  accepted  2H2/ICO  synthesis  gas,  a  cobalt-thoria  catalyst 
and  a  space  velocity  of  201cc.  per  hour  per  grain  of  unreduced 
catalyst,  laxted  (54)  has  reported  a  yield  of  128.8  grams 
of  hydrocarbon  per  hour  per  cu.  meter  of  gas,  or  0.026 
grams  per  hour  per  gram  of  catalyst.  The  gas  contraction 
was  64.3#. 

Possible  commercial  yields  have  beon  stated  in 
more  meaningful  terms  t  —  1.4  gallons  of  gasoline  per 

1,000  cu.ft.  of  synthesis  gas  or  3-5  gallons  of  gasoline 
per  1,000  cu.  ft.  of  methane. 

Valuable  by-products  may  be  obtained  from  the 
synthesis.  Storch  (68)  has  written  that  investigators  have 
found  that  fatty  acids  constitute  about  0.35#  by  weight  of 
tho  liquid  hydrocarbon  yield.  Formic,  acetic,  propionic 
and  butyric  acids  have  all  boon  separated  and  identified: 
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acetic  acid  ma  es  up  about  two-tiirds  of  the  total  fatty 
acids  which  are  soluble  in  water.  Fatty  acids  from  Cg  to 
over  C^q  were  found  in  the  hydrocarbon  product.  Komarewsky 
and  Riosz  (52)  have  stated  that  since  1956  catalytic  oxida¬ 
tion  of  synthetic  vi?ax  frou  the  Fisc*  er-Tr ops ch  synthesis  has 
been  used  to  make  fatty  acids.  The  product  consists  almost 
entirely  of  saturated  molecules  containing  both  even  and 
odd  numbered  carbon  atoms.  Air  is  used  for  the  oxidation. 

The  resulting  exothermic  reaction  yields  monocarboxylic 
acids  and  small  amounts  of  alcohols.  From  a  6,000  barrel 
per  day  plant  now  being  designed,  200,000  pounds  per  day  of 
crude  alcohol  arc  expected  (64)* 

In  a  report  published  In  Ma:/  1945  (66)  the 
”0X0  process"  which  has  been  In  operation  in  Germany,  is 
discussed  to  some  extent.  By  means  of  this  process  Fischer- 
Tropsch  C^p-C^ ^  olefins  are  treated  at  150  JC.  and  150 
atmospheres  pressure  over  a  cobalt  catalyst  to  produce 
aldehydes.  These  are  then  reduced  to  alcohols  over  a  nickel 
catalyst  at  1B0°C.  and  150  atmospheres  pressure.  The  alcohols 
aro  then  convorted  into  sulphonic  ester  soaps. 

No  lubricating  oil  fraction  is  present  in  the 
synthe^^  product.  To  remedy  this  situation  methods  were 
devised  In  Germany  to  manufacture  lubricating  oil  from  the 
Kogasin.  Among  the  methods  reported  are  the  polymerization 
of  fractions  rich  In  olefins  with  aluminium  chloride;  the 
chlorination  of  a  Kognsin  fraction  and  polymerization  without 
the  addition  of  aromatics;  and  the  alkylation  of  aromatic 
hydrocarbons  with  chlorinated  fractions  according  to  the 
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Frle del -Crafts  reaction.  The  above  methods  are  reported 
to  produce  a  lubricating  oil  which  has  excellent  viscosity 

properties. 

In  summation,  the  literature  recognizes  the 
fact  that  the  Fischer-Tropsch  synthesis  is  still  in  its 
infancy.  B/lany  problems  still  await  solution.  Komarewsky 
and  Hiesz  (52)  believe  that  future  research  should  have  as 
its  objective  the  search  for  a  more  active  catalyst  which 
will  react  at  a  higher  space  velocity!  the  development  of 
catalysts  to  produce  a  specific  product  such  as  naphtha¬ 
lenes,  isoparaffins  or  waxes!  a  sulfur-resistant  catalyst 
and  the  development  of  a  catalyst  which  will  make  use  of. 

In  a  more  satisfactory  manner,  a  gas  made  up  of  1H0  and 
ICO.  Boomer  (6)  has  stated  that  the  heat  transfer  problem 
is  in  need  of  solution.  Particularly  from  the  viewpoint 
of  industry  a  fluid  catalyst  flow  unit  in  place  of  the 
fixed  bed  type  now  used  would  reduce  the  steel  requirements. 
Intensive  research  is  necessary  to  substantiate  the  possible 
uso  of  oil  in  the  catalyst  chamber  to  take  away  the  heat 
of  reaction.  The  relationship  between  the  period  of 
catalytic  life  and  metal  loss  as  carbonyls  must  also  be 
investigated. 


•> 


•  '  •  ■■ 


• 

. 

: 

•  ; 

■ 

■ 

■ 

\  1 : 

* 

• 

. 

, 

■ 

• 

. 

' 

t 

’ 

->■  "  •  ■ 

•  . .•■■■.-  t  .  ■  r  ft 

■■ 

■  ■  :  •  ■'  •. . ; 


v 

•  / 


.  ’’  ,■  •  ' 


' 


.  ■■ 

. 

•  1 


-  39 


TijK  A:  1S<  Q  0,.  ;  ISC:.'  B-ifiOPSOl  CATALYrh-gj 

It  Is  evident  from  the  preceding  discussion  that 

Ilseher-^ropseh  catalysts  are  of  two  t  es,  iron  and  cobalt, 
Tho  niclcol  catalysts  are  similar  to  cobalt  and  '^ost  of  the 
reactions  they  undergo  are  similar.  Iho  iron  type  of  catalyst 
yields  largo  a  ;ounis  of  olofino  and  carbon  dioxide  is  tho 
main  oxygenated  product.  Cobalt  catalysts,  on  the  other 
hand,  yield  essentially  paraffin  hydrocarbons  and  water  is 
the  r.ioln  oxygenated  product.  All  Fischor-Tropsch  catalysts 
are  characterized  by  high  sensitivity  to  temperature  and  to 
poisons  such  os  sulphur.  These  fundamental  characteristics 
of  the  catalyst  in  conjunction  with  data  obtained  by 
operating  the  catalyst  at  varied  temperatures,  preosuros  and 
synthesis  gases,  provide  a  basis  for  postulating  a  reaction 
nochonlo  % 

The  literature  on  ro  action  io  chant  si  of 
Fi sober VTropsch  catalysts  reveals  that  by  for  the  greater 
amount  of  experimental  work  has  been  carried  out  on  cobalt 
catalysts.  With  the  iron  catalyst,  reactions  are  rather 
uncertain  and  all  observations  point  to  an  inhorently  ioro 
complex  ro  action  mechanism  than  that  for  oobolt. 

Over  cobalt  catalysts  the  ovorall  reaction  is 
empirically  (7 ) : 

nCO  +  (2n  ♦  1)  H2  «=  +  g  ♦  nHgO 

II  »  -207,000  calorioo  approximately 
Assuming  that  the  average  carbon  number  of  tie  hydrocarbons 
produood  is  n3ne,  "n"  has  a  value  of  nine  in  tho  above 
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J.lcewise,  over  Iron  catalyst 8  the  overall 
reaction  Is  empirically  (7  )t 

SnCO  +  (n  +  1)  Hg  »  +  nCOg 

H  *  -211,000  calories  approximately 
l  oro  nnn  has  a  value  of  nine,  if  the  average  carbon  number 
of  the  hydrocarbons  produced  Is  assumed  to  be  nine. 

The  suitability  of  any  proposed  reaction 
tog  an! an  con  bo  tested  in  two  general  ways  •  Firstly,  by 
noons  of  tho  proposed  mechanism  it  oust  bo  "j©saible  to 
explain  obnerved  physical  phenomena  resulting  from  use  of 
the  particular  catalyst*  Sooondly,  the  mechanism  if  at  all 
accurate  should  be  a  prnctloal  aid  in  predloting  or  inter¬ 
preting  certain  behaviors  of  the  catalyst  when  subjected  to 
treatment  other  than  that  chi  oh  is  normal  for  it* 

Cobalt  catalysts  are  generally  associated  with 
the  production  of  oharnc tori Stic  products  and  reactions, 
and  it  is  by  consideration  of  these  factors  that  t}ic  several 
oxlsting  rouetion  mechanisms  havo  boon  foxnulated* 

The  following  ohoraotoristios  have  been 
observed  in  connection  with  the  Fischer -'iropsoh  synthesis, 
and  thoir  role  In  tho  formulation  of  a  reaction  moohaniom 
will  be  dlsoussod* 

1#  ,T,he  initial  reaction  of  the  synthesis  gas 
(CO  ♦  21Ig)  over  a  freshly  roduood  cobalt  catalyst  at  about 
200°c.  and  atrosphorio  proso’ro  produces  methane  and  COg 
for  several  hours,  after  whioh  tine  liquid  hydrocarbons 
and  water  nro  nroducod  (9) • 
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2.  Synthesis  of  liquid  hydrocarbons  occurs 
mainly  between  the  tonperafcure  range  of  175°C.  and  S25°C. 
Above  225°C.  imich  methane  is  forned  (9). 

3  *  ethane  formation  continues  up  to  a  temp* 
eraturo  of  325°C.  and  tv rougliout  this  temperature  range 
carbon  d*  oxide  in  the  principal  oxygenated  product  ^;ich  io 
produced.  (9). 

4#  Activity  of  the  catalyst  drops  off  after 
about  a  week  of  normal  use  but  can  bo  restored  by  a  low 
temperature  hydrogen  activation  at  about  fifteen  degrees 
above  normal  opera  lng  temperature  and  at  atmospheric 
pressure.  A  largo  contraction  results  from  this  activation 
and  for  a  short  while  methane  and  carbon  dioxide  are  given 
off,  after  Shloh  liquid  hydrocarbon  synthesis  again  tai*os 
placo  (49). 

5.  Inareasing  the  pressure  to  about  fifty 
atmospheres  results  in  the  formation  of  oxygenated  compounds 
(30).  Some  experimenters  claim  that  sano  oxygenated 
oompounds  are  produced  even  at  atmospheric  pressure  (19)  • 

6.  Carbides  ^avo  always  bean  detected  on  a 
cobalt  catalyst  during  synthesis  of  Fischer-  Topsoh  oils. 

7.  During  t!*e  production  of  liquid  hydrocarbons 
tho  ortho-para  hydrogen  conversion  is  inhibited  (9,  10). 

8.  'die  introduction  of  a  small  amount  of 
othylone  into  tho  synthesis  gas  results  in  the  production  of 
organic  oxygenated  compounds  at  normal  pressure  (G7). 

9.  During  synthesis  of  liquid  hydrocarbons 
ovor  tho  catalyst' tlio  wuter-Gas  shift  is  Inhibited  (9,  10). 
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3his  shift  is  represented  by  the  following  reactions 
CO  -r  JigO  .^=fc  ig  +  Ig 

During  tho  synthesis  ths  equilibrium  of  the  alcove  re  action 

goes  to  the  left* 

10*  A  high  hydrogen  to  carbon  monoxide  ratio 

% 

in  tho  synthesis  gas  favors  the  formation  of  lower  molecular 
woight  hydrocarbons  (optimum  ratio  of  HgjCO  is  2jl)  (49). 

11*  Poisoning  of  tho  synthesis  gas  b ;r  addition 
of  as  much  as  53.5  milligrams  of  sulphur  per  gran  of  catalyst 
results  at  first  in  an  incroaocd  production  of  liquid 
hydrocarbons  if  the  temperature  is  raised  a  compensating 
amount  above  operating  temperature  •  Howover,  when  revivi- 
fioation  of  the  oatolyst  by  hydrogen  i3  attempted,  the 
catalyst  is  irreversibly  po:  sor.od  (49). 

12.  Tho  oatolyst  has  a  life  of  from  six  months 
to  a  year  and  of  tor  this  period  it  cannot  be  revivified  by 

a  high  temperature  hydrogen  aotlvation  (7). 

13.  After  a  high  temperature  reduction  of  the 
oxide  oatolyst  with  hydrogen,  synthesis  of  long  chain  liquid 
hydrooorbons  will  not  result  unless  a  proper  conditioning 
procedure  is  employed. 

Among  the  several  reaction  mechanisms  which 
have  been  advanoed  slnoo  the  rtiaoovery  of  tho  synthesis 
process,  those  Involving  the  formation  of  intermediate 
metallic  oarbldeo  (38)  serve  to  explain  the  majority  of  tho 
char ao tori stlo  reactions  observed  over  a  cobalt  catalyst, 
furthermore,  there  is  good  reason  to  believe  that  Fisohor- 
Tropsch  catalysts  are  entirely  car hi die  during  synthesis(go)  # 
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Consequently  a  "brief  discussion  on  the  proper  ties  of 
metsllle  carbides  (50)  will  serve  to  simplify  any  subsequent 
reaction  Involving  the  intermediate  formation  of  carbides* 
Emphasis  will  be  placed  on  the  properties  of  coi  alt  carbides 
but  those  on  nickel  and  iron  are  similar* 

If  carbon  monoxide  is  passed  over  the  surface 
of  a  reduced  cobalt  mass,  a  carbide  02"  the  metal  correspond¬ 
ing  to  the  empirical  formula  CogJ,  will  be  produced  (2,3,4). 
Iotallic  carbides  are  produced  quantitatively  at  temperatures 
below  2f‘5°C.,  whereas  a  mechanical  rnxture  of  the  quantita¬ 
tive  amount  of  carbide  with  a  surplus  of  elemental  carbon  is 
produced  above  this  temperature*  It  would  seer:,  therefore, 
that  225°C*  is  the  critloal  to  porature  for  complete 
carbidlng  of  cobalt* 

On  hydrogenation  at  275°C.#  or  treatment  with 
hydrochloric  acid,  the  low  temperature  carbide  is  almost 
quantitatively  decomposed  to  methane  and  snail  a  ounts  of 
higgler  hydrocarbons •  The  high  temperature  carbide  when 
treated  with  hydrogen,  yields  methane  in  equal  amount  to 
the  low  temperature  carbide*  Acid  treatment,  however, 
reveals  that  in  addition  to  tho  oorbidic  carbon  there  is 
resent  a  quantity  of  elemental  carbon* 

The  upper  temperature  limit  of  the  Plsohor- 
T!»opseh  synthesis  corresponds  to  the  temperature  at  which 
oloi  ental  carbon  will  start  to  form  on  the  catalyst  surface. 
It  has  not  been  definitely  shorn  that  carbon  formation 
aorlously  af foots  tho  synthesis.  However,  if  carbon 
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formation  results  in  t-  e  obliteration  of  active  surface 
centres  by  the  production  of  Irreducible  residues  on  the 
surface,  poisoning  of  the  catalyst  would  be  effected#  It 
will  be  shown  presently  that  the  mount  of  carbon  formation 
varies  directly  with  the  th  e  of  carbon  monoxide  treatment* 

If  as  suggested,  carbon  for.  atlon  could  act  as  a  deactivating 
agent,  then  peri  ape  the  limited  life  of  the  Fischer-TTopsch 
catalysts  could  bo  attributed,  at  least  partly,  to  this 
cause#  deduction  of  catalyst  life  through  loss  of  active 
ourfaoo  metal  by  carbonyl  formation  possibly  also  occurs 
(2G). 

Temperatures,  tiiio,  and  method  of  treat: ®nt 
of  the  reduced  oo* alt  with  carbon  monoxide  have  a  direct 
bearing  on  tho  amount  of  metal  carbide  for;  od  (4)#  Low 
temperature  oorbon  monoxide  treatment  at  about  226°C# 
followod  by  a  relatively  short  high  temperature  treatment  at 
300°C.  results  in  tho  produo tlon  of  greater  amounts  of 
carbide  than  a  single  treatment  at  tho  high  temperature  for 
a  relatively  short  tire#  (Corpora  with  characteristics 
of  cobalt  catalyst,  number  IS)  At  equal  temperatures  tho 
percentage  of  carbide  formed  varies  inversely  with  the  time 
of  carbon  peroxide  treatment  and  tho  amount  of  elemental 
carbon  for  ed.  Hio  following  meohanism  of  carbide  formation 
is  offered  on  tho  basis  of  tl  ©so  forogoing  phenomena  (50): 

(1)  2C0  +  Co  — ►  Co  -  C  ♦  COg 
( s  urf ace )  ( surface ) 

Tho  carbon  present  no  surface  carbide  can  probably  diffuse 
(but  not  too  rapidly)  into  the  intorior  of  tho  metal  lattice# 
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( f  •  *f  Go - -v 

( lattice  carbide) 

Both  the  lattice  and  fcfco  surface  carbide  are  capable  of 
decomposing  to  fora  ole  mental  oar  bon  and  ratal  . 

(3)  CooC - >■  +  2Go 

(lattice;  (ele.  lental) 


Jo  —  J - ^  +  Co 

(surface)  (olesntal) 

He  assumption  must  also  bo  mado  that  elemental  carbon 

catalyzes  reaction  3. 


(4)  'The  combined  reactions  may  to  shown  thus; 


Co  -f  CO  —  —  - 
(1) 


Co  -  C 


C 


(surface)  (3) 

<?)  li 


Co  *J*  C 


*b' 


C02C 
(lattice) 

Tlio  mechanism  explains  the  large  amount  of 
carbide  obtained  by  the  two  a  tag®  carbon  monoxide  treatment. 

At  fJ2[pC.  reactions  1  and  2  proceed.  hen  the  te  poraturo  io 
raised  the  velocity  of  those  reactions  increases  and  Co0C  io 
produced  quantitatively.  Reaction  3  however,  is  not  inducod 
to  any  considerable  extent  at  tills  time  since  there  is  no 
elemental  carbon  formed  to  catalyze  it.  liaising  of  tempera- 
turoa  ox*  continuation  of  carbon  rr*l)oxido  treatment  would  form 
sufficient  elemental  carbon  to  catalyze  reaction  3. 

Craxford  and  Kideal  by  studying  rates  af  re  notion 
on  l  ischor-'iropoch  catalysts  have  shown  that  reaction  1  in 
the  mechanism  just  cited  is  not  sufficiently  rapid  to  account 
for  the  COg  formation  (9).  In  place  of  thie  they  have  set 
forth  tho  following  mechanism: 
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(1)  Co  4  CO — •*-  C©  -  €0  (chemisorption) 

(?)  Co—  :  4-  — C  4- 

(surface  carbide ) 

qi*o  both  surface  reactions  and  correspond  to  the 
observed  rate  of  Initial  carbide  formation*  as  in  the 
previous  re ch ani sm#  these  initial  surface  ro* etions  are 
followed  by  diffusion  of  surf  c©  esrbido  into  the  lattico 
with  subsequent  for  nation  of  bulk  carbide. 

}.  iso' •or-'“ropach  catalysts  belong  to  the  Inter- 
otltlal  or  nonionic  lattico  ty  e  of  carbide  (as  distinguished 
from  the  ionic  or  salt  like  3.attice)  (40)  •  This  type  of 
lattice  may  consist  of  stable  or  unstable  carbides*  Only  the 
unstable  types  such  os  Fe0C,  Co2C,  KlgC,  Pe0C,  FjigC  are 

M 

ccxnnonly  for?  ed  on  llschor-Tropsch  catalysts*  All  of  these 
carbides  or©  similar  in  thoir  behaviour  towards  hydrogen, 
namely,  they  can  be  readily  reduced  to  form  methane*  F  ** 
aro ,  these  carbides  if  present  in  an  activated  Fiscber- 
,r,ropoo!.  catalyst  must  have  a  carbon-atom  radius  to  metal-ato~ 
radius  equal  to  or  footer  than  0*5b  (50)* 

Fischer  and  IPopsch  (36)  were  the  first  to 
advance  the  " carbide  theory1*  of  the  formation  of  hydrocarbons 
for  the  oobalt-oopper  catalyst*  'i  oy  postulated  (Stf)  the 
X-irinory  formation  of  unstable  finely  divided  carbides  whidh 
could  bo  reduced  at  comparatively  low  to  .iporatures  by  hydrogen 
to  fori  i  mothylone  or  complex  molecules  containing  t?iro©  to 
four  carbon  atoms. 

CO  4^Me  «  MeC  4  i  eO 
oC  4  MeO  4-  2112  »  S  o  4-  CHg  4-  HgO 
It  is  probably  1  aro  oorroot  to  assuno  that  the  original  carbide 
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1c  reduced  to  a  lower  carbide  and  not  to  the  metal*  The 
products  of  these  Initial  reactions  could  subsequently 
undergo  polymerization  to  hig!  or  molecular  weight  hydro carbons* 
olyrieriSGfcion  of  the  complex  molecules  ivould  eliminate  tho 
possibility  of  foraing  ethane  or  ethylene,  but  nevertheless 
these  are  found  in  Hie  final  product*  ‘Jlius  perhaps,  fclse 
initial  reaction  with  hydrogen  involves  'die  formation  of 
bod  io If  ylene  and  complex  carbon  lolecules*  Another 
alternative  suggested  by  Fischer  and  Vropsoh  is  the  spontaneous 
formation  of  large  hydrocarbon  molecules  on  the  surface  tfiioh 
subsequently  undergo  cracking  to  lower  hydrocarbons*  Tills 
fcl  oy  believe  is  moat  likely,  since  thermodynamic  considera¬ 
tions  are  indicative  of  such  a  ro action*  In  all  the 
posoibilitios  suggested,  hydrogenation  of  olefins  follows  as 
a  final  step* 

As  an  alternativo  to  t)ie  '  carbide  theory"  other 
workers  in  this  field  of  re  search  attempted  to  formulate  a 
ro  action  mechanism  v.’heroin  the  formation  of  intermediate 
compounds  mis  a  primary  steo  in  oil  synthesis.  Two  of  tho 
oarlloot  workore  wei»c  Klwln  and  hash  (19),  and  they 
attempted  to  correlate  tbo  production  of  a  .all  amounts  of 
oxygenated  oor:  ouruia  at  afcuosplioric  3. resuure  wi  th  tho  inac¬ 
tion  i  100  aniam  on  the  catalyst  surface  (characteristic  i'5)  • 

Tho  catalyst  used  by  those  early  experimenters  consisted  of 
a  roduccxl  mixture  of  1  angaiioce,  cobalt  and  copper  oxides* 

At  ata:  ospfoeric  pressure  tho  f  allowing  reactions  aro  possible 
which  would  result  in  tho  formation  cf  oxygenated  compounds t 
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SCO  +  4Hg  *=  CgH$OH  +  KgO 
SCO  +  3flg  ^  CHgCOCHj-  +  SEgO 
SCO  +  SHg  b  GHgCOOH 

It  wr. a  Suggested  that  fee  non  Oxygenated  liquid  hydrocarbons 
resulted  fron  tho  Intermediate  formation  of  alcohols;  the 
alcohols  than  undergoing  dehydration,  polynerication  oi  & 
hydrogenation  to  give  a  Fisc,  er  oil* 

Mother  e  formation  '  s  accounted  for  by  the 
following  ro  net  Ions  ( characteristic  $5): 

CO  ♦  3Hj>  =  CJTgO  +  SllgO  =  CH^OH  «  CH4  +  Ug0 

CO  +  HgC  c  COg  +  Hg 

Ihia  noohanism  for  nethsno  for  at  Jon  has  n  drawback,  3ince 
for::  at  ion  of  formaldehyde  and  methyl  aioohol  has  not  definitely 
beon  oatabliahod  nt.  at.^on:  orlc  pressures,  3o  attempt  to 
rolate  tho  foregoing  renctlnsn  to  possible  surface  catalysis 

was  r:\ade, 

;:ivin  (in)  further  advanced  tho  idoa  of  inter¬ 
red!  ato  oxygonatod  productr  by  suggesting  that  possibly  tho 
intomodiato  formation  of  carbonyls  was  a  primary  stop  in 
tho  formation  of  hydrocarbons  •  Ho  v/arked  with  a  cobolt- 
’Tionganeso-nopper  catalyst,  and  observed  sono  volatalizati  on 
of  copper  which  could  rasult  fro  carbonyl  formation*  Ho 
points  out  that  although  copper  is  not  a  catalysing  agent 
for  the  reaction 

CO  +  3Ho  ej  CHij  +  IIjjO 

iotal  carbonyls  (e.g.  CuC.O)  might  function  In  son®  way  to 
:r  oho  tho  above  ro notion. 

The  most  comprehensive  theory  ad  ltting  of  tho 
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formation  of  oils  through  inter*. s© di  n fee  oxygenated  oompomds 
v;as  advanced  by  Smith,  Hawk  and  u olden  (67).  They  too  used 
a  reduced  cobalt-copper-man^arorr.e  oxide  catalyst  to  confirm 
their  theory#  Since  passage  of  hydrogen  ovor  an  activated 
catalyst  nroducod  mostly  no  thane  and  other  lows*?-  hydrocarbons, 
the  possibility  of  higher  hydroca  bon  formation  via  the 
carbide  beca  ie  questionable.  Secondly,  the  formation  of  vory 
high  hydrocarbons  ir  one  ste  <  followed  by  cracking  see  ed 
unlikely.  Passage  of  longer  chain  hydrocarbons  ovor  trie 
catalyst  left  these  oils  comparatively  unchanged,  whereby  It 
was  concluded  that  cracking  o  higher  hydrocarbons  did  not 
occur.  A  similar  treatment  wi  th  ethylene  out  in  doubt 
Fischer’s  suggestion  of  extensive  polymerization,  since  higher 
hydrocarbons  did  not  result,  however,  water  gas  containing 
at  least  ten  percent  ethylene,  when  passed  over  the  catalyst, 
did  yield  considerable  quantities  of  oil  containing  oignifl- 
octit  amounts  of  oxygenated  compounds,  '^heso  oils  and 
oxygenated  compounds  when  put  in  contact  with  the  catalyst 
underwent  so.no  reaction  whereby  the  oxygenated  compounds 
v;oro  absent  from  the  resulting  roduct.  These  facts  wore 
the  r  at1or  premises  upon  wliich  Smith,  Hawk  and  Golden  based 
t;  eir  reaction  mechanism# 

rirstly,  it  seemed  that  on  the  catalyst  surface, 
water  gas  formed  complex  molecules  which  might  have  deoayoosod 
to  rive  an  olefin  (e.g#  ethyleno)  and  water.  Alternatively, 
the  complex  ray  have  combined  with  ethylene  or  another 
olefin  to  produce  oxygenated  oomnounds,  which  may  have 
pnosod  into  the  product,  or  undergone  dehydr ation  to 
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unsaturated  residues •  These  residues  "sight  in  turn  poly- 
rorizo  to  form  higher  hydroo arbon s «  Some  saturation  of 
t:  eso  hydrocarbons  c  uld  bo  broi  c)'  t  ab©  it  by  the  pres©  ce 
of  hydrogen  on  the  catalyst  surface.  The  prosonce  of  carbon 
monoxide  would  tend  to  counteract  the  reaction  by  which 
unsaturated  residues  are  polymerised  and  result  in  a  more 
unsaturated  product.  Lastly, the  presence  of  some  carbon 
dioxide  is  probably  due  to  the  rapid  elimination  of  this  gas 
from  the  other  intermediate  products  with  which  it  forms. 

Recently  Cranford  and  R  ideal  (9,  10)  have 
perf or  ^ed  experiments  which  have  lont  considerable  support 
to  the  "carbide  theory*1.  The  raotf  nntsm  of  the  formation  and 
roduotion  of  carbidos  has  been  enlightened  by  measurement 
of  the  rates  of  t!  ese  reactions  over  the  catalyst.  A  cobalt 
thorlu^oxlde-hofcsolguhr  catalyst  with  the  co-’paonts  in  the 
ratio  of  lOOjinslOO  was  used. 

The  rates  of  tho  following  reactions  woro 


measured! 

1 .  2Co  4  2C0  n  CogC  4  COg 

2.  CopC  4  2llg  t=  2Co  4  CII4 

During  tie  synthesis  the  catalyst  was  in  contaet  with 

hydrogen  and  carbon  monoxide  and  production  of  hydrocarbons 

might  have  resulted  from  the  reaction! 

COpC  4  o  — Cl'g  4  2C9 

L+hlfrer  hydrocarbons 

5.  CO  4  2Hg  - ►Cllg  4  HgO 

■-^formation  of  hydrocarbons 

The  formation  of  Co^C  by  reaction  1  was  relatively  rapid  in 
comparison  to  tho  formation  of  oarbldo  on  an  ord  nnry 
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precipitated  aid  reduced  cobalt  sample,  thus  indicating  that 

1  ioc  er-h’ropao  i  catalysts  a:  0  ore  reactive  towards  carbide 

formation.  Reaction  2  oee  rred  at  a  jester  rate  than 

reaction  1.  The  overall  reaction  as  represented  by  reaction 

3  was  faster  than  1  or  2, 

In  view  of  t  ess  results,  carbides  coiild  nover 

accumulate  on  the  catalyst  because  they  are  reduced  br 

reaction  2  faster  than  they  are  formed  b y  reaction  1.  This 

is  not  true  however,  since  it  has  already  been  mentioned 

that  during  the  Fischer-  "r  ops  oh  synthesis  the  catalyst  is 

almost  wholly  carbidic.  Ootl  el  (44)  gave  further  support  to 

this  fact  by  measuring  the  electrical  conductivity  of  the 

powderod  catalyst  during  synthesis  and  showing  that  it 

varied  in  such  a  way  as  to  denote  increasing  oarbiding  os  the 

synthesis  proceeded.  Consequently,  carbide  must  be  formed 

initially  by  a  renotion  more  rapid  than  reaction  1  and  2. 

The  alternative  to  reaction  1  is  that  carbon 

monoxide  is  first  adsorbed  on  the  surface  and#in  tho  presence 

of  hydrogen,  a  surfaoe  earhfl.de  is  formed. 

0  0  0 

11  11  11 

c  c  c  c 

I  I  I  +  :c  I 

Co — Co — Co  e=  Co— Co — Co  ♦  hr,0 

(ohomi sorption) 

Co  -  CO  +  Eg  b  Co  -  C  +  HoO 

(surfaoe  oarMdo) 

Thio  reaction  is  much  faster  than  reaction  2.  In  a  discussion 
of  oarbides  the  Identical  re notion  was  mentioned  w  ere  froo 
carbon  monoxide  ronotod  with  tho  adsorbed  carbon  nonoxide  to 
give  carbon  dioxide  and  the  carbide 

l.e.  Co  -CO  +  CO  e  Co  -  C  +  CO2 

(aurfaoo  carbide) 
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ill?  3  accounts  for  the  initial  production  of  enrfeon  dioxide 
frojn  a  cobalt  catalyst.  Once  a  surface  carbide  is  built  up, 
tbs  reaction  with  hydrogen  takes  place  and  water  is  for  oeU 
T!;e  formation  of  water  as  the  aln  oxygenated  product  during 
synthesis  lends  support  to  the  occurrence  of  the  above 
reaction. 

It  night  seen  anomalous  that  water  should  bo 
for  ed,  since  a  cobalt  catalyst  at  P0O°C  should  promote  the 
wator-gas  shift  reaction,  and  tiorefore  carbon  dioxide 
should  regain  as  the  main  oxygenated  product  throughout  the 
synthesis.  On  a  Fi3Cber-T*opsCh  catalyst,  however,  the 
re  oil  on  is  inhibited  up  to  a  temperature  of  250°C.  -  sooOC., 
whereupon  the  production  of  carbon  dioxide  displaces  the 
production  of  water. 

Smith,  Hawk  and  Golden  (G7)  pointed  out  that 
one  of  the  cuief  weaknesses  of  the  "carbide  theory"  lies 
in  the  fact  that  upon  reduction  with  hydrogen, tho  product  is 
alnost  entirely  methane,  and  only  by  reduction  of  the  carbide 
with  dilute  acid  are  hi#ier  hydrocarbons  obtained.  Experi¬ 
ments  on  the  ortho-para  hydrogen  conversion  on  the  catalyst 
surface  during  synthesis  were  carried  out  in  an  attempt  to 
account  for  this  behavior.  It  was  found  that  when  the 
synthools  produced  hydrocarbon  oils,  tho  ortho-para  conversion 
occurred  to  a  very  limited  extent 7 and  when  methane  was 
produced  or  there  was  no  reaction  the  conversion  ocoirrod 
frooly.  lhis  is  equivalent  to  saying  that  when  oils  ore 
obtained  thore  is  very  llttlo  atomic  chemisorbed  hydrogen 
present  on  the  catalyst  surface  and  tho  ro  ction  must  bo 
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proceo&ing  by  way  of  molecular  hydrogen*  rihe  reverse  of 
this  Is  true  when  methane  is  formed*  Furthermore,  it  l  as 
boon  shown  that  the  orfc  o-para  hydrogen  conversion  is  not 
catalyzed  by  metallic  carbide  but  occurs  readily  on  a  be  q 
motel  surface*  Thus,  the  inhibition  of  the  conversion  during 
oil  synthesis  is  probably  due  to  a  large  surface  concentra¬ 
tion  of  carbide*  Part  of  the  inhibition  may  also  be  due  to 
the  pro  nonce  of  small  amounts  of  ethylene*  Hence  the  forma¬ 
tion  on  large  amounts  of  oil  coos  hand  in  hand  with'  a  lore© 
surface  concentration  of  carbide  and  a  avail  ©mount  of 
chon! s  orbe  d  hydr ogon • 

On  the  basis  of  the  preceding  experimental 
evidence  the  following  reaction  mechanism  for  the  formation 
of  lo  g  chain  hydrocarbons  on  the  catalyst  surface  has  been 
offorod*  Firstly,  the  reduction  of  the  soparatod  carbon 
atoms  in  tho  cobalt  carbide  by  uolooular  hydrogen  loads  to 
tho  formation  of  separated  methylene  groups  oheni sorbed  on 
the  catalyst  aurfnoe*  If  conditions  aro  such  that  oartido 
is  being  built  up  faster  than  it  is  reduced  then  there  will 
he  pro  non  t  only  a  snail  amount  of  chord  sorbed  hydrogen  and 
under  those  conditions  the  lothy  one  groups  will  combine  to 
form  lonrer  chains.  Tho  chemisorption  probably  occurs  in 
such  n  way  that  a  giant  molooulo  is  formed  on  the  surface, 
fTon  which  fragments  may  bo  broken  off* 

~CH8—  -CHb---CJ1B  — 

I  I  I 

J_ I_ I - 

Further  experiments  showed  that  cracking  of 
hydrocarbons  on  the  oatolyst  surface  occurred  only  if  c^eni- 
3orbod  hydro  on  was  prosent*  It  was  t  orofore  concluded  t  at 
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the  cracking  of  th©  large  Ir^vQcrrbT.  ::©leealoo  and  desorp¬ 
tion  of  hydrocarbon  chains  chemisorbed  on  the  catalyst  surface 
tmn  caused  by  chemisorbed  hydrogen.  uhus  the  sis©  of  th© 
hydrocarbon  nolecnle  formed  d  irin.r  synthesis  do- ends  on  tba 
amount  of  cbo-'ti sorted  hydroyen  presort,  molecules  of  indef¬ 
initely  larf$e  iolecular  weight  forming  when  a  minute  amount 
of  chef'll s orbed  hydrogen  is  nrosent,  long  chain  hydrocarbons 
in  the  presence  of  slightly  greater  ar»ounts  and  me  thane  in 
Vrc  presence  of  large  amounts.  Irdood  the  initial  for;  at  ion 
of  318 thane  ir.  the  Fiseher-fl’ropsc!  syntl  ©Bis  probably  arises 
from  tho  fact  that  carbide  is  just  being  built  up  and  there 
is  a  largo  free  metallic  3orf  nc©  upon  which  a  great  deal  of 
hydrogen  is  ©herd sorbed,  ironediately  reducing  the  methylene 
groups  to  methane.  T  e  following  (10)  are  a  number  of 
pictorial  examples  showing  in  a  si  r\l!fiod  armor  how  hydro¬ 
carbons  or©  formed  by  monr.s  of  the  aforoi  ontionod  mechanisms 


Legend 

. -  Van  dor  Waal1  s  adsorption 

- — —  Chemisorption 

—  —  Partial  valencies  of  a  transition  state 
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Maeroiioloouloa  form  in  tiie  presence  of  cr:all  amounts  of 
aheni sorbed  hydrogen  and  subsequently  undergo  cracking 
and  hydrogenation. 
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Z  (a)  •  lydroGonation  of  a  z^thjdLena  gro^  *  *  methane  in  tho 


prosonco  of  la^go  osiomta  of  ehccsisorbod  1% 
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4.  Eh*  nnoro  oIgguIog  aro  disrupted  by  interaction  with 

hydrogen  probably  osj 
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Bq  —  CHg  —  —  CH. 


An  equilibrium  in  oot  up  in  thio  ?iroeo93*na  !©ly 
polysrrdcntlon  of  CHg  groupe  hydrogenation  •  crooking 

In  tho  prosenoo  of  snail  mounts  of  oheri3orbod  hydrogen 
equilibrium  la  ahiftod  to  trio  loft  and  In  tho  proocnco 
of  lor  go  enounte  of  oho  iisort»d  hyirogen  tho  equilibrium 
la  shifted  to  the  right # 

5.  os  or  pt  Ion  of  the  frn^iants  of  \  or  affine  or  olofino 
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■Tho  rooulto  ot oorvod  by  Smith f  How!*  and  Golden 
Ohon  othylono  wna  ir  troduood  into  tho  oynfchooie  goo  paoainc 


' 


’ 


ovop  a  cobalt  oatalyst,nauely  that  oil  and  organic  oxygenated 
compounds  ware  produced,  can  be  explained  on  the  basis  of 
the  foregoing  mechanism.  Ethylene  Is  very  strongly  adsorbed, 
or  the  catalyst  surface  and  the  overall  result  is  to  decrease 
the  concentration  of  chemisorbed  hydrogen  allowing  long  chain 
hydro  carbons  to  form,  '  he  f  or  mation  of  oxygenated  expounds 
la  explained  bvfhfctoCHhcd  the  ethylene  competes  with  the  carbon 
aonoxide  for  the  surface  with  the  net  result  that  the  amount 
of  carbon  onoxide  adsorbed  on  tho  surface  la  decreased. 
Consequently,  a  good  deal  of  tlie  carbon  monox3.de  is  adsorbed 
not  dlrootly  on  the  aurfac  but  in  a  secondary  adsorption 
layer  and  is  held  rather  weakly.  It  Is  not  unlikely,  thore- 
foro,  that  the  molecule  which  Is  desorbed  from  the  secondary 
layer  will  still  contain  the  oxygon  from  the  weakly  adsorbed 
carbon  monoxide. 

Organic  oxygenated  compounds  are  also  produced 
in  tho  ri8cher«Jrropsoh  process  by  Increasing  the  operating 
pressure  (3G).  An  increase  in  tho  pressure  cm  have  no 
groat  effect  on  the  amount  of  chemisorption  but  It  will 
affect  the  adsorption  in  layers  above  the  surface.  Thus  In 
addition  to  the  carbon  monoxide  adsorbed  directly  on  tho 
catalyst  surface, there  would  be  a  quantity  of  carbon  monoxide 
adsorbed  in  a  secondary  layer.  This  woahly  adsorbed  layer, 
as  wit  ethylene,  will  bring  about  the  formation  of  a  hydro¬ 
carbon  that  still  contains  tho  oxygon  of  the  carbon  monoxide. 

Operating  at  temperatures  considerably  above 
normal  will  result  in  mothane  formation  (9,  10)  •  This  la 
probably  due  to  the  prose  oo  of  103s  carbide  on  the  catalyst 


supfaee  at  tT  o  elevated  to-  ■’per  ature  and  hence  more  choral- 
oorbod  hydrogen  would  be  available  for  desorbing  methylene 
groups  before  they  or©  polymerized. 

Herlngton  and  Woodward  (49)  found  that  the 
introduction  of  small  amounts  of  sulphur  into  the  synthesis 
goo  incroased  the  yield  of  heavier  hydrocarbons.  Addition 
of  more  sulphur  eventually  caused  a  decrease  in  the  total 
yield  at  normal  o  orating  temperature  but  the  yield  could  © 
brought  up  by  raising  the  temperature.  In  the  latter  ease 
lighter  hydrocarbons  were  formed.  All  the  sulfur  remained 
on  the  catalyst  surface  probably  as  cobaltio  sulfide  or 
cobaltoua  sulfide.  A  low  temperature  octivation  with 
hydrogen  caused  almost  co  plete  poisoning  of  the  catalyst. 

In  all  cases  excess  amounts  of  sulfur  resulted  in  complote 
loss  of  activity. 

Fran  those  observationo  it  was  surmisod  that 
the  catalyst  surface  consisted  of  active  centres  of  two 
types,  which  for  convenience,  wore  called  types  A  and  B. 
Typo  A  was  probably  cobalt  carbide  and  was  responsible  for 

the  formation  of  methylene  groups  which  oould  polymerise. 

* 

Type  II  was  probably  baro  metal  wad  was  responsible  for  the 
che ml  sorption  of  hydrogen. 

The  increased  yiolds  of  long  chain  hydrocarbons 
on  tho  introduction  of  sulphur  was  likely  due  to  the 
preferential  poisoning  of  centres  of  type  B  wliile  centres  of 
typo  A  were  resistant  to  sulphur.  Consequently  only  s  all 
amounts  of  oho  Is  or  bed  hydrogen  were  present  on  tho  catalyst 
surf non  allowing  the  polymerization  of  methylene  groups.  On 


- 


...  r.  ■  , 

:  ,ii' 

I'}  '  r) 


■  '• 


' ' 

’ 

"?  '■  '■  '  ■ 


* 


v 

' 


- 


M  ;  ■;"$  ■  V 


;  '  i# 


■ 

. 


.  .  f 

. 


-  50  - 

lex?  to: rporature  activation  with  hydrogen  the  resistance  of* 
centres  of  type  A  to  3*il?>hur  was  reduced  resulting  In  a 
redistribution  of  the  sulphur  and  heneo  in  a  x*oducod  activity 
of  the  catalyst.  T  a  fact  that  lower  hydrocarbons  are 
produced  at  higher  temperatures  with  sulphur  present  is  not 
unusual  sir  co  at  an  increased  to.  ipor  ature  less  of  the 
catalyst  can  exist  as  carbide. 

On  the  basis  of  tho  preceding  mechanism  a 
theoretical  explanation  for  tho  particular  method  used  in 
conditioning  tho  catalyst,  the  effect  of  a  high  or  low 
hydrogen  to  carbon  monoxide  ratio  in  the  feed  gas  and  tire 
revivifying  offoot  of  the  low  temperature  hydrogen 
treatment,  was  offorod.  It  was  found  that  if  tho  catalyst 
to  porature  was  not  lowered  sufficiently  below  operating  temp- 
orature  after  the  high  temporaturo  hydrogen  reduction,  large 
anounta  of  methane  and  very  snail  amounts  of  oil  wore 
produood.  Furtliermore,  excessive  amounts  of  carbon  dloxido 
and  wator  wore  produced.  Tho  oarbon  dioxide  in  this  ca sa 
was  probably  produced  by  the  water-gas  shift  reaction: 

CO  +  HgO  *:  GO^  +  Hj» 

Sinoo  this  reaction  was  probably  promoted  by  bare  metal 
ourface  It  was  suggested  that  under  theso  conditions  tho 
catalyst  surface  oonsiotod  mostly  of  centres  of  type  B. 

Thus  a  largo  port  of  tho  surface  was  available  for  dhend- 
norbod  hydrogen  and  methane  production  could  bo  expo c tod. 
Proper  conditioning  will  insure  plentiful  centres  of  Typo  A 
throughout  tho  synthesis.  Also  on  tho  basis  of  the  ’’aotive 
centre n  conception  it  Is  likely  that  tho  activity  of  the  i  ost 
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acti  'o  points  on  -he  catalyst  la  so  that  the  inti'Qduotios 

of  syntheses  gas,  without  lower" ng  the  to  iperafcure  suff.ielcatly, 
would  pa:1  no  the  local  te  'merat  ire  of  these  spotg  far  above 
the  ball!  to  paratope  of  the  catalyst  and  as  Is  usual  wi  th 
high  to  iper aturo  operation,  to  thane  would  result. 

Under  otherwise  similar  conditions  a  hi£h 
hydrogen  to  carton  monoxide  ratio  in  the  synthesis  gas 
produces  no  higher  hydrocarbons  (40)  •  The  contractions 
obtained  wore  such  as  to  indicate  the  reaction: 

CO  +  3Hg  =  CH4  *  KgO 

This  again  io  attributed  to  t’so  catalyzing  effect  of  the 
bare  metal  surface  on  the  abovo  reaction.  A  low  hydrogen  to 
carbon  monoxide  ratio  would  rob  ably  promote  the  water-gas 
shift  reaction#  On  an  improperly  conditioned  catalyst  both 
of  these  reactions  proceed  co:  socutively,  tho  water  gas  shift 
reaction  Initially  lagging  the  rcthano  reaction.  Consequently 
o:  ly  water  and  carbon  dioxide  are  produced. 

An  activo  Fiecher-Tropsch  catalyst  will  ultiin- 
Qtely  cease  synthesizing  oil  dfcie  to  the  accumulation  of 
heavy  waxes  on  the  surface.  Revivification  is  brought  about 
by  a  low  temperature  hydrogen  activation.  Coating  of  the 
surfaco  fcosults  from  the  largo  proportion  of  tho  catalyst 
existing  as  carbide  after  continued  synthesis.  According  to 
the  theory,  very  little  chemisorbed  hydrogen  can  exist  on 
tho  surfreo  in  this  highly  cartldle  stage  and  henco  there  lo 
f erred  heavy  oils  and  waxes  which  cover  the  catalyst  surface. 
Ifdrogen  reacts  chemically  with  theeo  heavy  waxes  in  such  a 
way  that  they  are  desorbed,  thereby  leaving  a  clean  surface 
(9#  10). 
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torch  (69)  agrees  with  Sr  oxford  that  the  fons* 

ation  of  carbide  from  carbon  monoxide  and  motel  by  the 
conventional  reaction  in  too  slow  but  off  or  s  e  different 
explanation  for  it.  7*e  suggested  that  the  presence  of  hydro* 
gon  catalyses  the  carbide  reaction  by  forming  fii^st  an 
unstable  metal  hydride,  this  hydride  right  cause  distortion 
of  the  metal  lattice  to  such  a  degree  that  upon  re  moval  of 
the  hydride  tho  penetration  of  the  lattice  by  carbon  monoxide 
is  enhanced.  Removal  of  the  hydride  could  take  placo  by 
decomposition  or  by  reaction  with  neighboring  metal  carbide 
or  carbon  monoxide.  The  presence  of  a  large  amount  of 
hydride  would  catalyse  tho  ort  o-para  '  y'rogon  conversions, 
but  as  this  is  known  to  occur  to  a  very  3mall  extent  during 
oil  synthesis  It  was  assumed  that  the  amount  of  hydride 
necessary  to  oatalyae  tho  carbide  reaction  was  much  less 
tT  on  is  necessary  to  pro*Tote  the  slight  ortho-para  conversion. 
Further-ioro,  tho  presence  of  hydrogen  In  the  reaction  is 
consistent  with  the  fact  that  water  lo  the  main  oxygenated 
comnound  produced  during  synthesis. 

Fischer  and  Piehler  (31)  have  found  that  tho 
yields  obtained  from  a  cobalt-thori  a  -kioaelgulir  catalyst 
can  bo  Ir  creased  by  operating  in  a  pressure  ra :ige  of  botv;oon 
five  and  fifteen  atnosphoros.  Above  this  pressure  yioldo 
decrease  rapidly.  They  have  suggested  that  oxygen  containing 
compounds  which  are  fomed  at  pressures  greater  than 
fifteen  atmospheres  probably  act  as  poisons,  but  at  the  lower 
pressure  they  aro  hydrogonatod  and  rendered  harmless  to  the 
synthesis .S tor oh  has  suggeotod  that  tho  decrease  In  activity 
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la  duo  to  eorrosion  of  active  catalyst  surface  by  carbonyl 
f  oruation  and  by  the  stronger  adsorption  of  oxygenated 
organic  compounds  uhich  are  produced  in  larger  amounts  at 
higher  pressures*  If  it  is  true  that  corrosion  of  active 
catalyst  centres  occurs  at  high  pressures,  it  is  possible 
that  the  ol  served  decrease  in  t  ie  life  of  the  catalyst  when 
operated  at  hi$\  pressures  is  also  !uo  to  this  effect. 

Twigg  and  Kideal  (74)  have  demonstrated  that 
.•  '  ;lana  60ttlh  •  ;  u  >  v*  u  *v  •.  :  '■  ••  ■ ' 

distance  of  closest  packing  in  the  nickel  surface.  The 
same  is  true  for  cobalt.  It  is  known  that  this  particular 
packing  of  the  metal  atoms  occurs  during  oil  synthesis  on  a 
Fischer  catalyst,  fubsoquently,  orlngton  (4r)  showed  that 
on  nickel  and  cobalt  catalysts  the  atomic  spacings  nro 
3uch  that  two  i joint  oontaot  of  an  olefin^  can  l  e  :  .ain tallied. 
Shis  lod  to  a  different  conception  of  ?iow  methylene  groups 
oro  adsorbed  and  polymerised  on  a  cobalt  surface. 

The  mechanism  whorot  a  chain  of  methylene 
groups  are  for  ad  by  the  successive  combination  of  froo 
i ethylene  groups  with  the  grouj>0  already  attached  to  the 
surface  is  unlikely,  as  this  would  imply  that  the  methylene 
groups  are  nohllo  on  the  surface  and  that  the  desorbed 
olefin^  must  bo  an  oc-P  un saturated  olefin^  o.g. 

2H2 

I  K 

fs 

CHg 

I 

Co—  Co  — Co  — Co 
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In  the  light  of  the  probability  of  d  si  bond¬ 
ing  of  the  olefins  on  adjacent  otal  ato:  s,  the  mechanism 
w-iereby  fragmentation  of  a  giant  molecule  occurs  is  less 


likely  than  the  rceohanian  which  takes  this  bonding  into 

account  o.g. 

(a)  Clio  CHp  C.U0  CHp  CH« 

Co  —  Co  —  Co  —  :o  —  Jo 

(b)  CHp—  .  c:;0  C'lg  Cho 

—  o  —  Co —  —  Go 


/ 

Co 


(c) 


,-C  -CH0  C 

I  2  i  i 


Co  —  Co  —  Co 


I 

- 0 ) 


( d)  ctt  —  cHq—  cn  -  c:  :P  ;;P 

3  8  /  \ 2  i  “ 

Co  —  Co  - Co - Co — Do 

In  (a)  tho  reduction  of  carbido  produces 
methylene  groups,  nwo  of  those  combine  to  forn  CgK^  (b) 
which  reacts  with  an  adjacent  methylene  group  to  form  G^’q  (e). 
Simultaneously  a  hydrogen  atom  migrates  (d)  arid  two  point 
contact  lo  maintained.  This  nec  anism  explains  the  occurrence 
of  a  mono  olefin^  with  the  doublo  bond  in  the  terminal 
position  and  fur £  or  indicates  that  ethylene  is  tho  only 
produo t  whioh  io  hold  by  all  its  carbon  atoms  and  also 
poosennon  two  ■  onctive  centres  for  rolymori  action.  I  ooaiiso 
of  the  fact  that  ethylene  is  an  intermediate  far  polymerisa¬ 
tion  tTio  yield  of  othylen©  or  ethane  will  be  less  than  tho 
yield  of  higher  homologo. 

On  tho  basis  of  this  mochanioLi  an  explanation 
la  also  offered  for  tho  production  of  oils  when  ethylene  io 
lntroducod  Into  the  synthesis  gas.  hthylona  will  be  adsorbed 
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on  :.v>n  prr-c  mo  ■■■nj  it  or  apr.ef  r*  as  is  ir.  use  for  oil  synthesis, 
that  Is,  Un  spacing  which  corresponds  to  the  closest  pack¬ 
ing  of  the  atoms «  Consequently  It  enters  Into  reaction  on 
the  surface  and  is  Incorporated  Into  13©  oil  products* 

"’yddleton  ( 577 )  has  suggested  that  perhaps 
carbon  monoxide  is  adsorbed  by  dual  attachment  on  adjacent 
metal  atoms  of  the  catalyst  surface  with  simultaneous  form¬ 
ation  of  methylene  groups,  ‘he  methylene  groups  would  give 
rise  to  hydrocarbon  chains  v/hile  water  would  be  Turned  by 
th©  subsequent  reaction  of  the  adsorbed  carbon  monoxide  with 
molecular  hydrogen.  On  the  other  hand  if  carbon  nonoxid  s 
is  adsorbed  by  oin  lo  attachment,  molecular  hydrogen  would 
probably  produoo  nethyleno  groups  and  carbon  dioxide  instoad 
of  water,  Tho  presence  of  ohsrilnorbed  hydrogen  would  result 
ii,  the  convorsion  of  the  methylene  croups  to  methane.  As 
yet  experimental  evidence  has  not  been  offered  in  support 
of  this  theory, 

Kcmarewsky  and  Riosz  (5f)  surest  that  the 
search  for  sultn'lo  catalysts  to  produce  oils  can  probably 
to  narrewod  down  by  use  of  tho  noor:plex  action*'  catalyst- 
conception,  rnwo  separate  influences  are  present  on  the 
catalyst  surface,  namely,  the  hydrogenating  effect  and  the 
polymerisation  effeot.  it  is  the  combined  effeot  of  these 
two  that  influences  the  ro action#  It  in  assumed  that  the 
reaction  proceeds  by  way  of  the  metallic  carbide  and  thus  t  o 
oatalyst  must  contain  a  motel  capable  of  forming  a  enrbido, 
a  hydrogenating  oatalyst  to  roduco  tie  carbide  to  methyleno 
roups  and  n  polymerization  catalyst  to  polymerize  these 
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groups ,  '  ©nco  tho  cats’  yst  must  comply  with  th©  following 

conditions: 

- •  Ability  to  ^orm  a  carbide  from  carbon  monoid© 

St  Hydrogenating  ability 
S,  Pol ^nori sing  ability. 

Thun  for  example,  if  mure  nickel  ,7ere  used  as  a  catalyst, 
excessive  hydrogenation  would  take  place  and  methane  would 
lu  produced.  Consequently  t"e  nickel  la  carried  on  kieselguhr 
to  cut  down  the  hydrogenation  reacts. on. 

On  thin  basin ,  the  effect  of  sulphur  as  already 
noted,  can  be  explained  an  well  as  the  effect  of  introducing 
othylono  on  tho  catalyst  surface.  ^he  sulphur  probably 
readily  poisons  the  hydrogenating  part  of  tho  catalyst  vfnereas 
tho  polymerization  part  Is  not  affected  and  banco  long  chain 
hydrocarbon  yields  ore  ir  croasod  Initially  at  the  expense 
of  tho  lighter  hydrocarbon  yields .  If  sufficient  sulphur 
woro  addod,  tho  hydrogenating  part  of  t'10  catalyst  would  bo 
corbie  tel  y  destroyed  thereby  stopping  all  reaction,  When 
othyieno  Is  Introduced  on  the  catalyst  surface  it  Is  strongly 
adsorbed  on  the  surface  and  being  highly  reactive  enters 
into  reaotion  with  the  carbon  nonoxide  and  the  methylene 
under  the  Influence  of  the  polymerising  port  of  the  eat  el  yet* 
The  hydrogenating  influence  ro  nine  comparatively  constant 
and  hence  higher  yields  of  oil  are  obtainod. 

The  increased  life  and  activity  of  the  catalyst 
in  tho  presses  range  of  t  etwoon  five  ana  fifteen  a' rioep!  ores 
la  attributed  to  the  fact  that  in  this  pressure  range  tho 
sensitivity  to  pel  soring  of  the  hydrogenating  portion  of  tho 
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catalyst  la  reduced*  eaoe,  Ion,;;  periods  of  catalyst 
activity  might  bo  expected* 

booixjx*  (7)  has  suggested  that  the  loss  of 
activity  on  any  catalyst  might  be  due  to  oxidation  by  water 
f on  >©d  in  the  reaction*  i :  »ore  is  no  evidence  of  tills  oidda- 
tioi  ,  'ioiico  if  it  does  occur  it  is  slow  arid  is  not  affected 
by  a  low  temperature  hydrogen  activation  at  ;jGG°b  *  At 
4G0°C«,  however,  any  onidos  would  bo  reduced*  Another 
Quggoetlon  offered  by  *  oomer  was  t  at  for  lation  of  stable 
carbides  at  operating  temper  atiM  might  occur  causing 
Ii'Tovor  Bible  poisoning*  no  points  out  tiiat  sulphur  and 
arsenic  probal  ly  combine  chemically  to  form  irreducible 
residues  or;  tho  catalyst  surface  which  cannot  bo  reduced 
oven  at  4Q0°C*  1  ,e  marked  oonslti  ity  oi  cobalt  catalysts 

to  these  poisons  io  probably  <iue  to  this  fact*  Tho  sonsi ti~ 
vlty  of  the  catalyst  to  high  tei  }/eratures  ros ...Its  from  tho 
laot  that  the  catalyst  is  sintered  and  the  few  active 
centres  that  might  have  been  present  arc  reduced  to 
insignificant  nur.iters* 

Iron  catalysts  aro  distinguished  sharply  ft»oo 
cobalt  catalysts  by  the  production  of  oloflns,  carbon 
dioxide,  tho  impossibility  of  reactivation,  the  rapid  lose 
of  activity  at  nor  al  pressure  and  long  life  at  intoriradlat© 
prooouros*  It  ‘'.as  thus  boon  concluded  that  tho  reaction  on 
an  iron  catalyst  is  ossontiaily  different  from  that  on  tho 
cobalt  and  nickel  type  of  oafcalysfcs.  Tho  formation  of 
intermediate  carbides  us  a  primary  step  in  the  synthesis 
of  hydrocarbons  ooe  is  to  bo  generally  accepted « 


»  S0  — 

Smith,  Hawk  and  Golden  (67)  found  that  the 
introduction  of  ethylene  Into  fe  e  synthesis  gas  over  an 
Iron  ••copper  catalyst  had  no  effect  on  the  reaction#  ho 
oxy  on q ted  products  were  obtained  arid  the  yield  of  oil  woo 
not  increased.  In  addition,  much  smaller  amounts  of  methane 
were  obtained.  hey  suggested  the  possibility  that  interne- 
<31  ate  oxygenated  conpounds  were  formed  and  were  rapidly 
decomposed  to  produce  hydrocarbons.  The  main  conclusion, 
however,  was  that  the  reaction  was  essentially  different 
from  that  encountered  on  the  cobalt  catalysts. 

.  yddleton  (97)  has  pointed  out  that  according 
to  Craxford's  theory  the  bohavlor  of  iron  catalysts  Is 
anomalous  in  many  ways.  Of  groatost  Importance  is  the  fact 
that  during  the  production  of  Mtfior  hydrocarbons,  carbon 
dioxide  is  produood  oxclusively.  lie  suggests  that  carbon 
monoxide  is  adsorbed  by  single  attachment  to  the  Iron  atoms 
and  not  by  dual  attachment  as  with  cobalt.  Polooulnr  hydro- 
gon  then  produces  ret  ylone  groups  arid  carbon  dioxide .  Theso 
methylene  groups  givo  rise  to  t  o  hydrocarbons.  Dual  attach- 
mont  to  adjacent  metal  atoms  as  with  oobalt  is  Impossible 
because  of  tho  larger  atonic  spacing  in  the  Iron  catalyst. 

Storoh  (69)  suggests  as  before,  that  the  forma¬ 
tion  of  hydrides  catalyzos  tho  production  of  carbides  on 
iron  catalysts  and  thoco  act  uo  Intermediates  in  tho  formation 
of  hydrocarbons,  ho  also  rolnts  out  that  at  the  temperatures 
o:  ployed  with  iron  catalysts  the  water-gas  shift  reaction  Is 
catolynod  to  a  vory  slight  dogroo  and  thus  carbon  dioxide 
rust  bo  producod  as  a  primary  product. 


07 


■  decent  patents  (SB)  disclose  that  iron  catalysts , 

{>  sintered”  by  reduction  at  050  <*  nS0°0*  produce  iso-paraffins, 
vlzoTom  those  ore  produced.  Ir  very  small  amounts  on  an  iron 
catalyst  reduced  at  40G°a.  i  torch  (69)  believes  that  the 
sintered  catalyst  contains  no  iron  oxide  whereas  those  reduced 
at  low  temperatures  contain  significant  a  mints  of  iron 
oxide*  Hence,  a  critical  spacing  of  the  iron  lattice  is 
obtained  by  sintering*  The  spacing  between  sore  of  the 
pianos  containing  iron  ato<  ;8  oust  be  sufficiently  nltorod  to 
permit  cross  linkages  to  for m,  so  as  to  produce  a  large 
proportion  of  isoparaffins* 

On  the  basis  of  the  "complex  action”  conception, 
the  failure  of  ethylene  to  take  part  in  the  reaction  on  an 
iron  catalyst,  is  explained  by  the  foot  thQt  it  is  probably 
not  sufficiently  adsorbed  on  the  catalyst  and  io  not  avail¬ 
able  for  reootion  with  carbon  monoxide  and  hydrogen*  In 
tlie  light  of  the  dual  bonding  of  othylono  to  adjacent  metal 
atoms  on  a  cobalt  catalyst,  this  failure  of  ethylene  to 
react  would  indicate  that  it  is  not  an  intermediate  in  the 
1*0 notion  and  that  the  atomic  spacing  of  the  Iron  atoms  io 
not  o  ch  t  int  dual  boi  ding  of  ethylene  can  occur* 

Tho  most  recent  work  on  iron  catalysts  has  been 
carried  out  by  Pichler  (61)*  Ho  pointed  out  that  all  early 
thoorioo  involved  the  formation  of  higher  carbides  during 
tho  ayntlies^s  and  wore  necessary  for  the  reaction*  Those 
higher  carbides  were  probably  PegC  or  compounds  ©von  higher 
in  carbon  content*  In  Me  investigations,  however,  ho  shoood 
that  theoo  hi^er  carbides  decomposed  at  Mghor  temperatures 


-I 


,  -  •  r 

•  ’ 


•  •  •  ■ 

,  ,v. 


-  1  '  I 


' 

* 


■  ••  •  .. 


. 


•  ■ 

v  .  . 


. 


'  . 


■  • 


r 


(53  m 


( 3Q0-40QoC • )  leaving  1'egC  as  ts  o  os.ly  stable  carbide*  3 ho 
X? 8 1  active  catalysts  wore  those  containing  the  Ingest 
amount  of  FogC.  During  the  synthesis  the  decrease  in 
catalyst  activity  can  be  attributed  to  the  fleorease  in  the 
amount  of  o3C  which  is  paralleled  by  a  corresponding  increase 
in  the  concentration  of  FegO^*  An  equilibrium  or  pseudo 
equillbriian  mixture  of  I'e-G*  and  probably  exists  on  the 

catalyst*  Thus,  when  tlda  apparent  equilibrium  exists  on  an 
iron  catalyst,  there  is  no  rapid  drop  in  activity  while  with 
a  higher  concentration  of  FesC  an  initial  decrease  in  activity 
is  observed. 

By  magnetic  me astro  tents,  ,  iehler  (61)  showed 
that  besidos  FegO  and  Fe^C,  a  third  carbide,  richer  in 
carbon  was  present*  Apparently  tlsa  FogC  crystallites  are 
©ribodded  in  a  phase  in  wMch  the  C:Fe  ratio  is  greater  than 
8:1*  It  is  evident  that  this  rdLxture  of  carbides  plays  an 
important  part  in  the  reaction  rieehanisr  on  an  iron  catalyst* 
Ihe  catalyst  is  probably  sensitive  to  high 
tonperatureo  because  at  higher  temperatures  TogC  beooneo 
□intorod  and  is  inactive  insofar  as  its  particular  function 
in  the  catalyst  is  concerned* 

biohlor  (61)  suggests  that  Isoparaffins  are 
formed  through  intermediate  hitter  alcohols,  primarily  iso¬ 
butanol*  Olefins  result  from  thoso  alcohols  and  aro 
subsequently  hydrogonafcod  to  the  corresponding  iso-paraffine • 
.ho  oonbinatlon  oi’  these  reactions  ros alts  directly  in  the 
formation  of  i  sopor  off  ins,  from  carbon  monoxide  and  hydrogen* 
iooiuor  (7)  has  mentioned  the  possibility  of  the 
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water-gas  shift  reaction  occurring  on  tine  catalyst* 

Ilg  +  CO  +  Fe  s  Pe  carbide  *  KgO 

Hgo  +  co  s  cos  +  np 

Fe  carbide  +  Hg  »  F©  +  CHp  chain . 

The  ^ethylene  croups  which  broah  off  while  short  ore  not 
hydrogenated  and  retain  olofinic  in  character. 

Iron  catalysts  looe  activity  rapidly  at  one 
atmosphere  and  in  this  respect  Doonor  supports  the  idea  that 
active  centres  ore  lost  through  volatilisation  as  carbonyls. 
There  is  no  doubt  that  those  oorbonylo  exist,  poisoning 
probably  occr  rs  in  the  atari©  armor  as  on  cobalt  catalysts. 
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Historical 

The  first  and  liost  intensive  laboratory  work 
on  the  hydrogenation  of  carbon  monoxide  was  carried  out 
by  Fl3cher,  Truss ch,  ana  ao-wor}  era  at  the  Kaiser  Wilhelm 
Institute  in  tho  Ruhr,  Germany.  'This  Institute  is 
supported  by  the  Ruhrcheraie  A.CJ. ,  a  company  jointly  owned 
by  appro  : iiaately  80%  of  tho  coal  one  coal  tar  producers 
of  tho  Ruhr. 

In  1933,  Ruhrohemio  A.O.  felt  that  laboratory 
work  had  proooeded  to  such  a  ata^  that  un  experimental 
plant  was  possible.  Accordingly,  the  first  Fiacher-'^ropach 
industrial  plant  was  const  rue  too  at  Cberhausun-Holten, 

Ruhr,  Germany, in  the  same  your.  This  plant  had  a  cupacity 
of  1000  tons  por  year  of  primary  product  or  "Kogaain", 
and  wu3  e  snipped  to  produce  motor  fuel  and  lubricating 
oils.  3yn tnoais  gas»wlth  a  hydrogen:  carbon  monoxide 
ratio  of  2:1,  was  wane  from  cote  ana.  was  pusaed  over  a 
niokol-Jiliuninu-nanganose  catalyst  supported  on  kioselguhr 
ut  temperutureo  of  190° C  -  210° C  and  one  atmosphere 
pressure.  According  to  3toroh  (60),  the  ohief  operating 
difficulties  encountered  in  this  first  plant  were  as 
follows : 

1.  Too  short  a  outulyst  life. 

2.  A  cheaper  design  was  required  for  the  con¬ 
vertors  ana  the  sulfur  removal  plant. 
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3.  .  a.  industrial  p„oc ess  was  needed  for 
the  it; co very  of  metals  ana  rare  oxiu.es 
from  the  exhausted  catalysts • 

4.  The  gasoline  fraction  produced  had  a 
poor  octane  number. 

5.  A  cheaper  method  of  manufacturing  the 
synthesis  gas  wus  required. 

By  iy»6  these  difficulties  had  been  overcome 
to  such  an  extent  that  five  plants  having  a  oapacity  of 
145,000  metric  tons  of  primary  products  annually  were  in 
operation  in  the  Huhr.  It  is  interesting  to  note  that  a 
variety  of  souroea  were  used  for  producing  the  necessary 
synthesis  gas;  two  plants  used  coke  jis  a  row  material,  one 
used  a  mixture  of  ooke  and  ooko  oven  gas ,  and  two  gasified 
brown  coal  or  brown  ooal  briquets. 

Production  of  Kogaaln  in  Germany  in  ly^O  hud 
been  raised  to  525,000  tons  per  year  by  lucre  asing  the 
oupaoity  of  •xllUlg  plants  and  Qosia  trusting  new  plants. 
About  the  aume  time  two  plants  wore  reported  in  Japan  (65), 
having  an  output  of  150,000  tons  per  yeur,  with  several 
new  plants  under  construction.  Cno  plant  has  ulso  been 
reported  in  Franoe  with  a  rated  oapacity  of  20,000  tons 
per  year,  although  it  has  never  achieved  this  figure.  Two 
smaller  experimental  plants,  of  about  1j0  gallons  per  day 
oupaoity,  wore  erected  in  Groat  Britain  to  test  the 
Flo ohor -’Props oh  synthesis  and  the  Ttobinson-Bindley  process, 
(a  modification  of  the  Fischer-Tropaoh) . 


German  plants  have  been  reported  to  yield 
a  product  of  which  60 %  is  a  gasoline  fraction  having 
an  octane  number  of  40,  and  an  appreciable  oil  fraction 
which  is  a  high  quality  diesel  fuel.  Excellent 
lubricating  oils  cun  be  synthesized  from  the  primary 
product# 

Plant  Design 

The  most  reoent  and  comprehensive  data  on 
industrial  designs  is  that  included  in  the  reports  by 
the  Jonbined  Intelligence  Objectives  hub- Committee  (8), 
obtained  in  1V45  during  their  examination  of  German 
industrial  processes  ana  Company  dooumsnts#  ^J-though 
reports  on  several  plants  are  available,  only  one  will 
bo  presented  here  in  any  detail,  sinoe  other  plants 
oonform  fairly  closely  to  the  same  general  pattern# 

It  is  of  interest  to  list  here  the  processes 
doveloped  at  tho  }  iaor  Wilhelm  Institute  and  credited  (8) 
to  Fischer  and  his  co-workers.  The  following  tabulation 
summarizes  them  ounveniontly : 


’ 
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Table  6 


Year 

Pro ceas 

Cper.  Press. 
Atmos. 

Catalyst 

1922 

Syntho 1-oxygen  contain- 
fng  derivatives  of 
hydrocarbons 

100 

Fe ,  Co  ,Ni 

1923 

Syn thane — hydrogenation 
of  Synthol  products 

— 

1925 

^Benzine,  some  olefins 

1 

Fe,  Co,Ni 

1936 

Benzine,  little  olefins 

5-20 

Fe 

1937 

Benzine,  much  olefins 

5-20 

Fe 

1938 

Solid  paraffins,  high 
molting 

Over  100 

Ru 

1941 

Iso-par affina , 

Over  100 

Ru 

1942- 

43 

Naphthenes,  aromatics 
formic  acid,  fatty  acid3 
alcohols 

» 

Work  waa  also  being 

conducted  on  other 

metals 

aa  oatalyata,  ainoe  the  German 

supplies  of  nickel 

and 

oobalt 

were  becoming  inadequate 

.  The  processes  most 

commonly  used,  were  tho3e  employing  oobalt  and  niokel 
oatalyata  in  the  "atmospheric"  and  ’’middle  preaaure” 

ayntheaea. 

One  of  the  moat  complete  ayntheaia  plants 
operating  in  Germany  waa  situated  at  Holten-Sterkrade , 
Ruhr,  and  waa  operated  by  the  Ruhr  Cheraie  A.G.  In  1945 
this  plant  ounaiatod  of: 

1.  A  oomple te  low  pressure  Fischer-Tropsch 
unit  for  the  production  of  benzine  ana  diesel  fuel. 

*"Benzine"  ia  a  term  commonly  used  In  Germany  to  designate 
a  mixture  of  hydro oarbona  boiling  in  the  gasoline  range. 
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2  •  A  ooraple te  medium  pressure  synthesis 
plant  for  the  manufacture  of  olefins. 

3.  A  complete  lubricating  oil  plant  for 
synthesizing  these  oils  from  olefins, 

4.  A  plant  for  the  manufacture  of  catalyst 
for  owner’s  and.  for  licensee' 3  U3e. 

?ho  plant  also  contained  units  for  the  pro¬ 
duction  of  nitrogen  products,  hydrogen,  nitrogen  and. 
oxygen. 

’ilot  plant  work  was  also  being  conducted 
on  the  development  of  the  following  processes: 

1.  Benzine  with  a  high  ootane  rating. 

2.  Iso-paraffins  directly  from  synthesis  gas. 

3.  Iaoraerization  of  paraffins. 

4.  Substitution  of  cobalt  in  catalysts  by 
iron  and  other  metals. 

The  ucoonpanying  diagromatio  flow  sheets 
show  the  various  processes  used,  together  with  a  brief 
description  of  the  principal  jieoes  of  equipment  and  the 
hourly  flow  rates  of  gases.  j3ketch03  of  tho  design  of  the 
two  typos  of  converters  used  are  al3o  included. 

The  production  of  those  units  la  given  below: 


Paraffin  waxes 

6000 

tons 

per 

year 

Lubricating  oils 

6000 

if 

m 

11 

Diesel  oil 

ly.ooo 

11 

it 

« 

Bunzl  no 

25,000 

it 

it 

Pro  pane /but  to  10 

Total 

6000 
£2  ,ci00 

if 

tons 

« 

por 

11 

ye  .'ir 

Catalyst 

production 

yoo 

tons 

per 

year 
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TRAIN  A — SYNTHESIS  GAS  MANUFACTURE 


Figure  3 
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Figure  6 
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Train  A  for  the  manufacture  of  synthesis  gaa 
needs  little  explanation.  The  hydrogen  rich  gas  manufactured 
wa3  used  to  blend  with  water  gas  to  give  a  synthesis  gas 
of  the  desired  composition* 

The  converts  es  used  in  the  normal  or  atmospheric 
pressure  synthesis  consisted  e  ease  at  i  ally  of  a  complex  web 
of  plates  with  the  Catalyst  being  in  the  intervening  spaces. 
Banks  of  pipes  running  through  these  plates  served  to  con¬ 
trol  the  oatalyat  temperature.  The  temperature  of  the 
water  flowing  in  the  pipes  was  controlled,  by  the  pressure 
which  was  maintained  on  the  steam  drum.  The  product  from 
this  synthesis  was  reported  to  bo  largely  liquid  hydro¬ 
carbons,  with  small  amounts  of  gases  and  solids. 

The  .oiddlo  pressure  synthesis  used  a  different 
type  of  convertor.  A  double  tube  Contained  the  catalyst 
in  the  annulus  with  steal  in  the  inner  section  and  steam 
in  the  whole  of  the  space  between  the  outer  tubes.  It 
was  stated  that  the  first  converter  gave  a  50$  conversion 
of  the  synthesis  gas,  the  aeoond  30$,  and  the  third  21.5$ 
conversion.  An  iron  catalyst  had  been  tested  also  in  tills 
synthesis  at  225° 0  -  240*0,  resulting  in  the  ) reduction 
of  nx) re  un3aturatod  liquids  and  less  solids  and  gases  then 
was  obtained  from  the  cobalt  catalyst. 

The  olefin  synthesis  (figure  6  )  us<3d  a  synthesis 
gas  with  a  hydrogen:  carbon  raonoxide  ratio  of  1.00:1.23. 

The  first  train  In  this  synthesis  produced  less  solid  and 
considerably  more  unsaturated  hydrocarbons  than  the  second 
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normal  pressure  train,  a  apace  velocity  of  60  v/aa 
maintained,  ana  the  following;  yields  were  re pur  tea: 

Train  1  —  10  grama/ cu.m#  of  liquefiable  gaa 

160  grams/ ou.nn  of  liquid  products 

Train  Z  —  SO  gruna/ cu.m.  of  total  products 

Total  yield  160  grams/ cu.m.  of  liquid  and  gaseous  products 

It  can  be  seen  that  the  synthesis  gas  con- 
ala  ted  of  three  parts  recycle  gaa  and  one  part  purified 
water  gaa,  A  slightly  higher  operating  tenperature  was 
maintained  than  in  other  units,  that  is  600®  C— S1Q°C. 

The  sane  type  of  converter  was  used  as  in  the  middle 
pressure  synthesis  for  the  first  three  units  of  the 
train,  and  the  normal  pressure  type  in  the  lust  two. 

lone  speoial  mention  of  the  so-called  "0X0M 
process  is  neoe saury,  as  this  was  one  of  the  few  entirely 
now  German  developments.  In  this  prooess  the  016-^17 
olefins  were  treated  with  purified  water  gas  at  moderate 
temperatures  and  pressures  yielding  aldehydes  in  the 
c12-°16  range. 

The  raw  material  was  straight  chain  olefins 
having  the  double  bond  situated  at  the  end  of  the  hydro¬ 
carbon  ohain.  :»uoh  olefins  may  be  obtained  from  the 
Fischer- Tropaoh  primary  product  or  from  Dubbo  cracking 
of  the  C20-C4q  paraffins.  The  aldehydes  formed  were 
hydrogenated  to  fatty  eloohols  which  were  sulfonuted  to 
yield  excellent  detergents. 

The  prooess  was  carried  out  butohwise,  at 
a  pressure  of  lbO  atmospheres,  with  the  reaction  temperatures 
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varying  fro-  125°  0  to  145°  C«  .  standard  cobalt 
catalyst  was  ground  to  200  mesh  ana  suspended  in  the 
olefin  charge  •  ?he  water  gas  use  a  had  a  composition 
of  38  %  carbon  monoxide,  48-49$  hydro  gen,  with  the  re¬ 
mainder  being  carbon  dioxide  and  nitrogen*  The  hydro¬ 
genation  of  the  crude  product  was  carried  out  at  180 
atmospheres  pressure  and  180°  C,  using  the  same  catalyst 
and  the  a  cure  type  of  equipment.  The  crude  alcohols 
were  then  purified  by  vacuum  distillation. 

3oiao  of  the  nost  reliable  data  concerning 
catalyst  life  cones  from  the  7i sober- fropsoh  plant  at 
Borgkstaou,  fJermciny*  The  synthesis  was  operated  in  two 
stages.  The  freshly  reduced  catalyst  was  first  put  in 
3 tag  .TT  at  180®  period  of  2-2  months*  The  con¬ 

traction  here  was  approximately  2b  ’•  The  catalyst  was 
then  transferred  to  a tagpT  at  190°-  192  for  a  further 
5-6  months,  thus  giving  u  total  catalyst  life  of  8-8  i/2 
months.  /hen  contractions  tended  to  drop  to  a  one  pre- 
clo  temiincd  level  a  reactivation  with  pure  hydro, gen  was 
o  jp i •  r,  out  for  84  hours  at  a  temperature  of  19b®  0*  At 
times  the  catalyst  activity  dropped  due  to  accumulations 
of  hoavy  waxes  on  the  catalyst  surface,  in  which  case  an 
extraction  with  benzine  was  necessary.  The  oven  was 
iaolatcd  and  benalno  of  a  160°  C  -  220® C  boiling  range  was 
©llowod  to  trickle  over  the  Catalyst  at  120  -  150  0.  bie 
benzine  was  than  distilled  and  the  .distillate  returned  > 
the  ovon  top  until  the  extract  no  longer  contained  wax. 
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?he  complete  extraction  required.  1  to  1  1/2  days.  At 
this  plant  the  catalyst  with  the  longest  life  was  re** 
ported  to  have  boon  given  6  extractions  and  8  re¬ 
activations  during  this  time. 

Gynthesia  lea  .a:r.. fuctu.ro 

Considerable  progress  was  also  nude  in 
Germany  in  the  production  of  synthe sis  gas*  Gone  new 
designs  have  boon  reported  and  considerable  data  on  the 
ootlve  merits  of  different  types  of  continuous  gasi¬ 
fication  units  have  been  obtained*  A  very  brief  dis¬ 
cus  alon  of  these  methods,  on  uaec.  in  urope f  la  given 
below. 

tinkler  generator**- These  generators  operate 
on  brown  cool  briquets,  lignite,  cool  or  seni-cohe «  The 
fuel  is  subjected  tc  a  oontinuoua  bloat  of  gan  containing 
one  volume  of  oxygon  (ao  oxygon  or  air),  and  2  volumes 
of  stejaa  at  37d° C.  ’he  fuel  ia  fed  into  the  generator 
by  a  hopper  at  the  bottom  of  the  fuel  bad.  'This  bud  is 
maintained  ••  t  a  thlokness  of  about  5  f<  Is  kept  in 

continuous  agitation  by  the  gas  blast,  The  3interod  ash 
particles  settle  on  to  a  grata,  shave*  after  I  cooled 

oy  the  inoomin  gases*  they  are  moved  to  li  a  charge  port 

by  a  rotating  brasa  water-coo  led  rabble,  The  synthesis 
gas  produced  i.:  cooled  u..d  subjected  to  duct,  removal 
operations.  The  product  Ins  a  composition  similar  to 
water  gas  but  with  a  carbon  dioxide  <x  ntont  o*  If— f 0^5. 

If  air  is  used  the  gua  will  also  contain  about  20  of  inert 
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gage 3 «  -rl ildu r  generator  can  thus  operate  on  a  variety 

of  fuels,  and  has  a  capacity  almost  five  tines  that  of  the 

old  water  gas  machines* 

Dl&ier  Generator— This  unit  in  a  combination 
•tloal  retort  and  water  gas  generator,  operating  on  1/4 t!  - 
1"  bituminous  coal  or  lignite  briquets*  It  has  six  superposed 
zones;  1*  drying  3*  predistillation  3.  carbonization  at 
high  temperatures  4*  conversion  of  gaseous  hydroc  arbons 
5.  formation  of  water  gas  6.  cooling  of  coke.  Enough 
methane  is  >rot .uoet!  in  the  carbonization  zone  so  that  reaction 
with  a  tea*  will  vivo  the  final  as  product  a  our  bon  monoxide; 
hydrogen  ratio  of  1:3*  (  nly  enough  coke  is  produced  in  the 

pro  cess  to  manuPY.oture  uffloiont  gas  to  heat  the  carbonization 
ohumber*  Henri  at  4  00*  0  -  bOO*  0  is  consumed  in  the  process* 

The  final  gns  product  has  a  carbon  monoxide  and  hydrogen 
oontont  o**  M7  f  with  the  xn  minder  carbon  dioxide*  V/hen  using 
lignite  the  thermal  efficiency  is  stated  to  be  75.7$. 

°intach-Hillibrand  generator— This  machine  is 
similar  to  the  Didler  generator*  A  nixture  of  preheated 
steam,  carbonization  'as  anci  some  synthesis  gas  flows  oounter- 
ourrent  to  coal  brl  (ueta. 

Lurgi  ’re  a  sure  generator— Gasification  is  ourried 
out  in  a  tower  under  30  atmospheres  pressure,  us  lag  almost  any 
solid  fuel  and  u  mixture  of  steam  and  oxygen*  The  higher 
ore  -su  ’cs  v  vor  the  proouotion  of  carbon  c  ioxide  and  methane, 
but  it  la  olalmsd  that  by  adding  carbon  a ioxide  to  the  oxygeu- 
stoan  ire  a  gas  with* hydrogen;  carbon  monoxide  ratio  of  Ztl 
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oan  bo  obtained.  Th  i  s  go  nor;  tor  is  considered  to  have 
treat  possibilities  since  it  \.m  almost  three  times  the 

capacity  o.f  any  other  type. 

3  oh  eu  If  eld  t-’  /into  rah  ill  ?ro  oe  ss — This  p  mooes 
oonbines  drying  mi  .<•  .3.1  -*i option  by  pnssinn  the  newly  pro¬ 
duced  ayn thesis  ;us  over  the  raw  cool,  thereby  cooling  it, 
and  drying  and  partially  gasifying  the  coal.  /.  mixture  of 
steam  ana  oxygen  is  fed  Into  the  unit  and  coal  dust  is  gasified 
In  the  dowi  flowin'-  -3 tree  %  Conversion  in  the  first  chamber 
Is  kept  down  to  50*'  to  avoid  exce solve  temperatures.  Sorae  of 
the  synthesis  ifoduosd  is  re he ate  yoleft  to  maintain 

continuity  of  gasification.  A  second  gasifier  serves  to  give 
the  desired  hydrogen: carbon  monoxide  ratio.  The  unit  consists 
of  the  following  Items;  1.  hreheater  2.  Gaslx’iesTT  3.  Gas¬ 
ifier  TT  4.  Drying  pipe  b.  Bust  catcher  6.  Scrubber 
7.  Blower.  It  has  been  found  that  the  composition  of  the  gas 
produced  13  not  constant,  and  large  i ties  of  heat  are  lost. 

However,  it  was  felt  that  the  German  designed  unit  was  faulty 
in  many  respects,  and  that  the  process  could  be  made  one  ui 
the  1  lost  000  non  i  cal  of  its  type.  It  was  nlco  no  tea.  tho.^  the 
gas  produced  contained  5  (>  of  benzol,  which  constitutes  a 

very  valuable  by-product. 

Other  methods  of  synthesis  gua  production  have 

also  been  reported,  sun©  only  in  the  experimental  a t a  ,0 o • 

One  Go  naan  plant  curried  out  a  oruoking . process  on  Fiaoher- 
Tropach  tail  -as  with  a  mixture  of  oxygen  auo  steam.  However, 
at  the  war* s  end,  conclusive  data  had  not  been  obtained  on 


-til¬ 
th  i  3  raethod*  Partial  oxidation  of  me thane  also  offers  a  ire ry 
ooonuiaioul  source  of  oar  bon  onoxiae  an d  hydrogen.  However, 
no  i;idus trial  unit3  have  been  repo  tod  as  yet,  at  leinst, 
not  for  the  produ  tion  of  '"Iseher- Trope  oh  synthesis  gas* 

Doloh  (11),  in  his  9W?  of  gaatf loation  processes 
oonoludoa  that  the  lethods  using  oxyp^n-st^aa  id  ctures  are 
superior  to  those  which  involve  the  separate  gasifii ration  of 
a  part  of  the  fuel*  It  was  also  at  ted  that  vertical  evens 
op<;r  tin;  it  one  ataoa phore  with  oxy  ;en-s  teuia  : dxtureg  produce 
leas  methane  and  oeiiaurao  loss  oxygen  than  other  types* 

Catalyst  Maim.  t  oture 

The  lanufaoture  an d  regeneration  of  the  Fisoher- 
Tropsoh  catalyst,  ana  the  i*omoval  of  sulfur  from  the  synthesis 
|ttlf  ro  )i*ob  ibly  the  two  most  important  single  factors  affect¬ 
ing  ,lunt  operation*  In  the  case  of  catalyst  manufacture,  a 
staff  of  trained  choral sta  and  the  roost  modern  ocnrol  e  .pul praent 
is  nooossury  to  ensure  an  active  product*  Therefore  u  consider 
able  portion  of  the  costs  must  be  assign  d  to  this  phase  of 
the  process* 

A  ooiaplt  to  re  >ort  (d)  has  been  obtained  on  the 
raethod  used  at  tho  Currie  re  s-Kuhlm  n  plant,  Homes,  France. 

The  raw  materials  wore  >ure  cobalt  netal,  magnesium  oxine, 
thorium  oxide,  and  kleselguhr.  The  catalyst  in  the  unreduced 
fora  had  u  composition  of  cobalt  13$,  magnesium  oxide  1*6 

thorium  oxiao  0*9$,  um  kieoelguhr  79 • 3$. 

Tho  sp  oific  tions  for  tho  raw  materials  were  rigid 
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The  cobalt  metal  was  re  uired  to  have  a  purity  of  W '  with 
the  remaining  1  i  bo  in:  oopp  r  and  nickel.  The  thorium  oxide 
had  a  calcium  oxide  content  of  ess  than  Q*Z$>  and  contained 
no  traces  of  lead  or  phosphorus.  The  kieoelguhr  on  analysis 
showed  a  silica  content  of  over  98$*  N one  of  the  materials 
contained  calcium  oxide  or  iron  since  those  were  considered 
poisons. 

The  equipment  consisted  of  three  large  tanks, 
mechanic  dly  agitated,  so  arranged  that  the  first  two  could 
be  iU.iokly  anti  simultaneously  dumped  into  the  third.  Into  the 
first  unk  was  put  the  cob  ,lt,  magnesium  oxide,  una  thorium 
oxide,  una  the  necessary  amount  of  36°]>e  nitric  acid,  (muae 
from  distilled  water).  In  this  tank  the  me  tula  we  nt  into 
solution  as  nitrates.  The  second  tank  contained  distilled 
water  and  the  re  ^ui red  amount  of  a  10  ?  sodium  carbonate 
solution.  The  first  i.,nd  second  tanks  were  then  dumped 
simultaneously  into  the  third  who  e  the  resulting  solution  was 

■  j 

agitated  at  a  tempe  rature  of  100°  C.  A  pH  of  7.2  was  maintained 
in  order  to  prevent  the  formation  of  bicarbon  tes,  which,  it 
was  claimed,  destroyed  the  efficiency  of  the  kioselguhr  as 
a  supporting  gent.  The  re  ctions  v/hioh  o  ecu  red  here  gave  a 
mixture  of  cobalt  hydroxide,  mi  uiasiuia  carbonate,  and  thorium 
oarbonate.  The  kloaol  uhr  vvu3  no  t  added  and  the  solution 
thoroughly  stirred. 

The  slurry  was  next  sent  through  a  series  of 
flltrat Lons  nd  washings  with  distilled  water,  which  are 
listed  briefly  below: 


i.«  f 0.L3  -j  nitration  in  u  pinto  typo  filter 

pro as • 

-•  *  washing  in  a  horizontal  nixing  tank  with  a 

ao row  typo  agitator* 

filtration  in  on  Oliver  rotary  typo  filter. 

4.  ;utc:  content  reduced  to  GO.  /  in  uu  extruding 
lype  press. 

b.  Dried  to  6-0  j  venter  content  on  u  moving  belt 
in  u  ate:  .  hooted  drier  maintained  at  ISO*  C. 

?h  c  t  dyot  .uj  then  sized  on  vibrating  a  croons. 
The  fine  a  ao  relieved  lore  returned  oo  the  horizontal  nixing 
drum,  while  the  particle  a  of  optimal  size  were  recovered  for 
reduction.  Those  pellets  zero  placed  on  a  screen  tray  in  a 
special  container  having  conical  ends  connected  to  a  closed 
hydrogen  circuit.  The  hyart  >*h  was  preheated  to  350°  0  - 
400*0  before  entering  the  container.  The  exit  gas  was  dried 

,  ■■■ .  nonia  cooled  oc.  ila# 
and  finally  silica  gel,  and  then  returned  for  recirculation. 

The  reduced  oatalyat  contained  cobalt,  cobalt  oxide  (ratio 
7  :  f  ) ,  na  •  ind  kloselguhr*  When  re¬ 

duction  w  lb  condo to  the  reactor  wu3  oooloa  and  filled  with 
carbon  dioxide  and  ;he  cu.tulyat  was  then  transferred  to  a 
dose  ..  i.  .  still  in  a  carbon  dioxide  atmosphere. 

The  spent  catalyst  was  regenerated  by  a  similar 
process.  The  is  ta  s  were  to  ion  inti  solution  as  nitrates, 
ana  the  solution  filtered.  The  coke  was  washed  and  the 
kioselguhr  diuoardec..  The  magnesium  and  thorium  wore  separated 
from  the  cobalt  and  any  calcium  by  precipitation  as  carbonates 
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ut  a  pH  of  4,  .2,  Jhe  i-aloima  was  removed  from  the  ■  obalt  by 

pro  dpi  feat  i  n . ,-i  I  -a  :.  iuo.,  i.  .i. ,  ,aio  th..  cobalt  ultra  to  solution 

wan  re«dy  lio  u  u  as  part  of  the  now  catalyst* 

The  coin,  eoutulning  mi^iaiuia  carbon-.- to ,  thorium 
carbonate,  sodium  .. uli'.to* ferric  hydroxide  was  nit::  feed  and 
than  treated  vith  aoaiun  hydroxide  solution.  Ths  magnesium 
onu  iron  ware  p  idipl  .  c  sides,  while  a  double  salt 

of  sodium  aim  ioritui  was  farmer  •.-hi ah  ..osnlhod  in  solution* 
This  solution  Was  la  tad  ...f  tor  re.  oval  of  the  magnesium 
hy&roslde  and  ferric  hydroxi<  *  s  drit, t©  of 

thorium  hydroxide  to  form*  'Phis  was  recovered  and  used  in 
the  prepara fcior*  of  new  catalyst,  fhe  jinjueaima  was  discarded 
sinew  its  valuo  did  not  warrant  any  attempts  at  recovery* 
3ulfur  o.  .oVi.l 

fhe  problem  of  o-ilfur  removal  _roLi  the  synthesis 
gas  presents  no  difficulties*  It  is  felt  that  sufficient 
detail  has  o  en  Ivan  a  aril  ;r  in  this  rtiel©  on  industrial 
methods  of  sulfur  removal*'  It  is  ^nly  necessary  to  state 
that  standard  methods  are  uced  which  re  not  unique  for  this 
process. 

Summary 

The  Fi  ti  che  r- Tr  ops  oh  plant  which  have  been  in 
operation  io  the  :.»rt  -  a  nt  tine  ca  n  clou  tloss  be  improved  in 
almost  every  ...3pect*  -  .-'ueeoseiul  industrial  design  mu  t 

is  which  are  peculiar  to  this  synthesis* 

I* he 30  di  'ficultics  re  riefly  listed  uelow : 

1 .  ;  to  at  j xoh  -n  ;o  —  ii nee  the  Fischer-  pro pu  oh 
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oatalysta  are  sensitive  to  tempera  taro,  and  since  the  reaction 
ia  highly  exothermic,  an  efficient  moans  of  heat  transfer 
must  be  devised*  The  nature  of  the  catalyst  mejeea  it  a  poor 
heat  conductor,  and  tho  low  space  velocities  which  must  now 
be  used  result  in  inefficient  heat  transfer*  Hence,  thin 
layers  of  catalyst  and  large  umxmta  of  steel  are  required 
in  any  design* 

2.  Cat alys t s— more  active  catalysts  will  result 
in  higher  space  velocities,  and  might  greatly  simplify  the 
heat  transfer  problem*  Yields  of  the  order  of  70$  of  the 
theoretical  are  the  maximum  which  it  has  been  found  practical 
to  maintain  in  actual  operation,  and  more  than  one  a  tag©  is 
necessary  to  achieve  this  result* 

3*  Laboratory  procedures— As  more  fundamental 
data  ia  available,  more  economical  design  am  operation  will 
be  possible  for  industrial  plants* 

It  may  be  of  interest  to  mention  here  the 
possibility  of  a  fluid  catalytic  unit  as  applied  to  the 
Fischer-Tro osoh  synthesis*  It  has  boon  rumored  that  this 
possibility  ia  being  invest!  ,.,tod,  ana  apparently  with  encourag¬ 
ing  results*  3uoh  a  converter  ia  stated  to  give  high  yields, 
and  to  have  a  notably  larger  capacity  than  tho  fixed-bed 
type*  Much  greater  space  velocities  are  used  and  slightly 
higher  temperatures  ana  pressures  than  in  other  laodific:  tlons* 
The  catalyst  is  a  finely  pelleted  iron.  However,  no  data  has 
been  published  as  yet  concerning  the  performance  of  such  a 
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Since  Hey,  1946,  many  stntnla  have  i^en  rose! M 
on  Herman  synthetic  fuel  processes  but  m  &mt  data  of  any 
value  has  been  u  iahed#  In  any  cage,  It  Is  probable  that 
such  data  would  be  valueless  Considering  the  abnormal 
ccononic  conditions  rhioh  existed  in  Germany  during  the  war 
years.  Therefore,  apart  from  a  very  small  amount  published 
previou  s  to  1939,  there  is  ao  specific  information  available 
which  would  in  cry  way  indicate  the  ettud  costs  of  an 
industrial  Fiaoher-Tropaeh  plant  on  this  continent.  However, 
several  Complete  os  tin-tee  of  costs  have  been  nsde  by  ros- 
oona  iblo  men,  and  It  is  the  ja  os  tin;  tea  which  furnish  the 
moat  reliable  picture  i  f  the  /resent  economic  status  of  this 
process. 

It  may  be  of  interest  to  include  here  a  brief 

* 

discussion  of  the  situation  with  regard  to  raw  mate  rials* 

As  has  been  mentioned  previously,  the  crude 
petroleum  reserves  on  this  oc  ntinent  are  bain*  rapidly 
depleted.  T)uoe  ( 77  )  states  that  the  United  States  ha  a  been 
using  7't  annually  of  its  known  oil  reserves,  while  6$  is  the 
figure  glT«c  for  Canada.  In  t*»  Pust  ueTOral  yoora.  the  now 
reserves  found  have  fallen  considerably  short  of  ©quailing 
the  amount  oona  ua.  d.  Further,  it  was  stated  that  due  to  the 
intensive  oil  exploration  program  which  him  boon  usrrioA  out, 
the  pros  peats  for  now  fields  on  the*  liorth  American  continent 
are  dim,  especially  in  comparison  to  other  parts  of  tlu  world 
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whioh  have  not  been  .go  c-xtonsi vely  exploited,  Therefore ,  al¬ 
though  petroleum  production  v?i ,  1  continue  for  a  long  time, 
it  will  not  be  many  years  before  it  fello  to  meet  the  ever- 
incre aa in 11  demand,  In  this  cnee,  a  supplemental  source  of 
liquid  fuels  rauot  be  acught,  either  from  such  materials  as 
oil  shale  a  -and  tar  Sanaa,  or  from  synthetic  pro  ceases  such 
as  the  Fi -oher-Tropaoh  and  Sergius, 

The  reserves  cf  oil  shales  and  tar  sands  are 
limited  in  extent,  end  0  t  be  e  eted  to  yield  m0m  than 
a  fraction  of  the  required  oe troleum*  Further,  in  many 
respects  th  recovery  of  oil  from  these  sources  presents  a 
serious  economic  problem.  In  fact,  coal  is  almost  the  only 
source  of  fuel  which  can  be  considered  inexhaustible  from  a 
practical  point  of  /low. 

It  would  appear,  then,  that  from  the  long  range 
view  point  those  recesses  whioh  own  use  cowl  as  a  starting 
material  are  nho  nont  attractive.  It  is  true  that  at  present 
they  cannot  compete  oonomioally  with  those  utilising  crude 
petroleum,  but  then  they  have  not  boon  developed  to  such  a 
degree  of  technic  1  jerfeotion,  The  Fisc  her -Traps  oh  process 
has  the  jddod  advantage  of  operating  on  natural  gas  even  more 
economically  than  on  coal.  From  this  starting  point  it  is 
estimated  that  the  prooesa  is  financially  attractive  even 
at  the  present  tine. 

It  is  ynowrvthat  tho  natural  gas  reserves  of  this 
continent  are  very  large.  However,  if  till  the  gasoline  con¬ 
sumed  in  tho  United  states  were  to  be  made  frora  natural  gas, 
it  has  seen  stated  th,  t  tho  known  reserves  would  be  ex- 


■ 


.  . 


mk 

. 

■ 

■  ^  ■  r  'H[  .  ■ 

.  ' 

' 

■ 

■ 

L 

■l  -V  , 

,  ■ 

• 

■ 

'  .  • 

"  :  ■■=  r  :  M-  '  : 

■ 

"  V ;  •  ■  ; 

■? 


. 

; 


' 


t 


-88- 

haunted  In  tilt*  years*  Houce,  the  ..’iacht  r-Tropsch  pro  was 
operating  on  natural  gee  can  only  be-,  eons  idered  as  a  supple¬ 
mental  no  ana  u’  production  of  synthetic  fuel*  Further,  the 
quantities  of  natural  gas  viol  ah  eon  «>c  spared  for  mmuf  no  tar¬ 
ing  gasoline  will  full  for  short  of  that  which  could  oe  used 
profitably,  natural  gag  is  re oc gained  us  a  valuable  domestic 
fuel,  ana  thus  wherever  possible  it  will  'so  conserved  for  this 
purpose • 


Consideration  of  the  ooul  reserves  on  the  Berth 
nneriCcji  continent  presents  a  somewhat  different  picture* 
Coal,  satin  ted  ua  huown  mineable  reserve  a,  to  toils  some  4000 
billion  tons ,  ;>s  compared  to  a  ©serve  of  3  billion  tons 
for  u  tur.il  .  .0.3.  These  figures  take  more  neunixkg  when  it  ia 
stated  (77)  that  the  Uni  ted  states  contains  51.9$  tarn  Canada 


16.7‘t,  of  the  known  coal  c.o  posits  of  the  world.  The  following 
tabulation  conveniently  sumo  rise  8  the  raw  materials  available 
unu  the  potential  yields  which  tte.se  re corves  represent. 

Table  7 

Hydro  ;en-  Fischer-  oil  far  Natural 

at  ion  Tropsch  Shale  Sands  Gras 

Co  til  Coal 

Total  Keaervos: 

Billions  of  Tons 

of  Source  Material  4000  4000  400  500  3 

$  of  beaerves 
Xh'aoti  oul  for 

Sxploitation  26  100  "  1  10-25 

■*0  te  nt  i  al  Yi  e  Id. : 

Billions  of  bbla. 

Gasoline  1000  60oQ  5G  ^  4 

Note:  The  >otenti.  1  yield  from  2  nown  crude  petroleum  reserves 

is  cstin  ted  to  be  lu  bi alien  bbis.  of  gasoline. 
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Fairly  de  tailed  cost  estimates  have  been 
prepared  (77)#  and  It  Is  interesting  to  note  the  wide 
variation  in  the  final  results  whioh  have  boon  arrived 
at  by  various  methods*  F.  Denlg, of  Hoppers  Company ,  has 
prepared  a  oust  estimate  based  on  known  pre-war  German 
experience,  but  adapted  to  meet  existing  .American  conditions. 
The  figures  given  are  based  on  the  assumption  of  capacity 
operation  for  330  days  a  year,  and  include  fixed  charges 
but  exolude  profits# 

There  are  two  steps  in  the  Fisohor-Tropsch 
process,  the  manufacture  of  synthesis  gas,  and  the  con¬ 
version  of  this  gios  into  the  synthetic  primary  product* 

The  synthesis  gua  may  be  made  from  coke,  coal  or  natural 
gas*  Fstiraates  of  the  production  costs  for  each  of  these 
raw  materials  are  given  below  as  cents  per  gallon  of 
primary  product* 

From  Coke 


1. 

Water  gas 

(a) 

Coke 

6*  69 

(b) 

Labor 

0.74 

(o) 

Capital 

cost  1*05 

8*48 

2. 

Conversion  to 
Synthesis  gaa 

0.38 

3* 

hiri  flout  Ion 

1.48 

4. 

Compression 

1.90 

Total  for  synthesis  gas  12*24 
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From  Sub -Bituminous  Goal  (or  lignite  etc.  ) 


1.  Coal  1.47 

2.  Labor  1.00 

3.  Capital  Coat  1.40 

4.  Purification  1.48 

5.  Compression  1.00 


Tcytal  for  synthesis  gas  7. £5 


This  assumes  coal  available  at  11.00  per  ton. 
From  Natural  Gas— using  the  partial  oxidation  process 


1. 

!  IOOO 

Natural  gas  (1  50.,  cer*  cu.  ft.  ) 

1.16 

2. 

Power  {for  oxygen  reduction) 

1.34 

3. 

Coke 

0.42 

4. 

/ater,  etc. 

0.48 

5. 

Labor 

0.53 

6. 

Compression 

1.48 

7. 

Capital  cost  and  maintenance  (17$) 

1.22 

Total  for  synthesis  gas  6.63 

This  assumes  that  it  requires  approximately 
250  cu.  ft.  of  natural  gas  to  yield  one 
gallon  of  primary  product. 


The  costs  of  the  primary  product  include 
converters  and  cracking  equipment  for  trans forming  these 
products  to  a  high-octane  gasoline.  Neither  steam  nor 
power  is  included,  since  steam  is  manufactured  in  the 
process.  No  credit  is  taken  for  cracking  by-products 
except  for  the  propane  and  butane  produced. 


•  It 
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Coat  of  converting  synthesis  gas  into  primary  product, 

1.  Operating  coat 


(a)  ?ower 

0.30  cents /gal. 

primary  product 

(b)  Veter 

0.02 

ft 

*» 

<t  n 

(o)  Labor 

0.30 

H 

n 

ii  n 

(d)  iUporviaion 

0.28 

ft 

M 

»t  n 

( e  )  Mis oellanoous 

0.15 

ff 

H 

M  ft 

(f)  Catalyst  regeneration 

1.57 

ft 

ft 

ft  ff 

tal  gro3a  operating  cunt 

3.12 

Credit  for  stoat 

0.53 

Net  operating  coot 

2.59 

Capital  cost  17$ 

3.76 

Total  cost 

6.35 

Those  C03 ts  are  based  cn  a  plant  making  2424 
bbla.  per  dcy  of  primary  product.  After  refining  and  crack¬ 
ing  this  will  yield  1940  bbla.  per  day  of  gasoline.  By 
assuming  that  tho  plant  is  operated  to  produce  not  only 
gasoline  but  waxes,  diesel  oil  etc.,  and  by  taking  credits 
for  crooking  gases,  tail  gas  etc.  in  a  system  of  joint 
accounting  for  products  arid  byproducts,  the  coats  can  be 
materially  reduced.  Denig  ulac  stresses  that  ousts  given 
here  oan  doubtless  be  lowered  by  technical  ana  engineering 
improvements. 

Those  003 ts  as  estimated  are  3ummar.Ujed  in  tho  follow¬ 
ing  table : 

Cost  of  3yn.  gas  Total  cost  of  Total  cost  of 
for  1  gal.  product  1  gal.  primary  1  gal.  gasoline 

product 

Raw  Material 


Coke 

12.2 

10.6 

24 1 

»4 

Sub-bitumi nous  coal 

7.3 

13.7 

18, 

>2 

Natural  gaa 

6. 6 

13.0 

17, 

,4 
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Another  set  of  go  to  /era  compiled  by  Russell 
(77)  of  the  standard  Oil  Developraant  Co.  These  estimates 
Include  figures  on  the  mount  of  coal  or  gas  necessary 
to  pro  .vice  on©  bbl.  of  gasoline  by  the  various  pro  nesses. 
The  fuel  to  produce  the  necessary  power,  steam  ©to,  is 
Included  In  the  total  as  given  below : 

Hydrogenation  of  bituminous  coal-1020  lba./bbl,  gasoline 


Fischer-? r o  os  oh 

( oo  al ) 

-1360 

« 

tt 

Fischer- Tropsch 

(ges-Surope an) 
design  ) 

-  505 

ft 

n 

a 

Fia  che  r-  Props  oh 

( gas - Arne  ri can ) 
design  j 

-  440 

tt 

tt 

tt 

Average  1J.  3.  refinery  (crude! 

oil  ) 

-  655 

« 

tt 

tt 

Kodem  oracling 

refine ry 

-  378 

tt 

n 

n 

The  Fischer-Tropsoh  design  using,  coal  is  baaed 
on  the  method  of  converting  cool  to  eo&e,  and  the  letter 
to  victor  gas  in  tlx.;  standard  water  gas  generator.  All  the 
figures  given  nay  have  sore  basis  In  actual  industrial 
practice  except  for  the  proposed  American  Fisoher-Tropsch 
design  for  natural  gas. 

For  a  large  plant,  of  the  order  of  80,000  bbls, 
gasoline  per  day.  Russell  gives  the  following  overall  cost 

figures : 

Coal  hydrogenation  15.5^/gel, 

Fischer- Trope oh  (coal)  19,2^/gal. 

Flaohor-Tropach  (gas)  4«ty/gal* 

Present  day  refinery  5. 3f7gi.il. 

(Crude  oil  at  $1,20  par  bbl. ) 


_ 


. 

■ 


* 

. 


- 
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. 

. 
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For  smaller  plants  of  i&e  order  of  3000  bbls./duy  the 


estimated  costa  per  bbl#  of  gasoline 

tare  as  follows : 

Coal  hydrogenation 

2d  #  bp  y gui 

Fi sober- fro pseb  {European  coal) 

design 

) 

19.2  «  " 

Itaoher-fropecb  { European  gas 

) 

design 

) 

8.8  "  " 

Oil  refinery  (crude  at  §1.20 

) 

bbl# 

) 

5.3  rt  *• 

Oil  refinery  (crude  at  32.00 

) 

bbl. 

) 

8.5  "  " 

All  the  above  figures  include  overhead  and  10f£ 
for  depreciation  besides  the  regular  operating  and  capital 
costs •  It  is  a  eumed  that  a  gasoline  of  70  octane  number 
will  be  produced# 

Various  estimates  have  bean  presented  as  to 
the  aioounta  of  steel  which  wuiild  be  required  for  the  Oun- 
at ruction  of  Fischer -'Props oh  plants*  The se  estimates  vary 
from  3.9  to  14*3  tons  per  daily  barrel  of  gasoline,  Russia  11 
presenting  the  lower  figure  and  To  nig  favoring  the  higher# 

In  plants  using  continuous  gasification  of  coal,  it  Is  es¬ 
timated  that  the  a©  fi  -urea  may  be  as  much  as  ten  tl  os  too 
high#  Steel  requirements  then  would  be  of  the  seme  order  as 
those  for  a  modern  petroleum  refinery#  llooiaer  (7)  states 
that  a  Fi sober- fro psoh  plant  using  natural  gas  would  probably 
require  about  the  saoe  mount  of  steel  as  a  present  day  oil 
refinery,  and  possibly  even  less# 

.Sxeuai  nation  of  the  detailed  data  given  by 


—14— 


Russell  for  the  Fischer* Traps oh  pro cess  shows  that 
a  very  large  proportion  of  investment  and  operating 
costs  Is  assigned  to  the  production  of  synthesis  gas. 

In  fact,  the  greatly  decreased  costa  attributed  to  the 
process  using  natural  gas  rather  than  coal,  obviously 
depend  on  this  one  factor,  ifo  mention  is  made  of 
direct  gasification  of  deal  such  as  was  considered  by 
Denig  in  his  estimates,  and  it  is  thus  probable  that 
Russell’s  figure  for  gasoline  production  from  coal  by 
the  Fi3Chor*Tropsoh  process  should  be  considered  as  a 
maximum. 

Many  other  authorities  have  ventured  cost 
estimates  for  the  production  of  synthetic  gasoline  by 
various  methods#  Boomer  (7)  has  summarized  this  data 
very  well,  and  the  figures  he  proposes  as  the  most  reason¬ 
able  appear  to  agree  very  well  with  the  opinions  gathered 
from  many  other  responsible  sources,  This  information  us 
summarized  below  cun  then  be  at  we  >3  ted  as  an  authorative 
oross-sootion  of  present  day  opinions  on  the  economics 
of  various  synthetic  fuel  processes, 

1,  Goal  hydrogenation— A  production  coat  of  15  - 
Z7>  cents  >or  gallon  of  gasoline,  with  the  lower  figure 
the  more  acceptable.  The  process  has  good  possibilities 
for  fuel  oil  production  from  cheap  sub-bituminous  coals, 
with  the  cost  of  the  final  product  estimated  from  #1,20  - 

•65  per  bbl, 

2,  Oil  shales  and  tar  sands— These  are  described 
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aa  margi nal  pro cease 3  at  beat  at  the  present  tine* 

3.  Fisoher-Tropsch--Ctoke  at  #5*00  per  ton  would 
give  a  production  coat  of  36. 00  —  #0.00  par  bbl*  gasoline « 
(lV-18^  per  Imp.  gal. )  Coal  at  #2.50  per  ton  under  a 
continuous  goal  fi cation  process  is  estimated  to  give 
a  maximum  cost  of  #3.75  -  $4  .00  per  bbl*  gasoline 
(11  -  120  par  Imp.  gal.)  and  coal  at  #1.00  per  ton 
a  coat  of  #2.50  -  #3.00  per  bbl.  (?  *  90  per  Imp.  gal). 

From  natural  gas  the  coat  ie  estimated  at  #1.00  -  #1.25 
per  bbl.  (3-4^  per  Iiap.  gal. )  These  figures  include 
depreciation  but  allow  no  profit.  Boomer  states  that 
natural  gaa  at  5  —  100  per  thousand  cubic  feet  is  now 
considered  competitive  with  ^etroleim  as  a  source  of 
gasoline.  .'.Iso  it  is  further  stated  that  coal  at  900 
per  ton  and  natural  gas  at  120  per  thousand  cubic  feet 
could  success fully  0  am  pete  with  crude  petroleum  at  #1.50 
per  barrel. 

It  has  been  predicted  that  the  first  Flsoher- 
fropsoh  plants  will  be  constructed  by  private  industry 
to  operate  on  nutur  *1  gas,  and  the  experience  thus  gained 
will  be  applied  to  units  utilizing  low-grade  coal  as  a 
raw  material.  Government  research  then  would  be  concen¬ 
trated  on  processes  for  the  continuous  gasification  of  low 
rank  coal  i9  an<  the  general  processes  for  direct  hydrogenat¬ 
ion  of  coal. 

The  position  of  Canada,  and  Alberta  in  parti¬ 
cular,  with  respect  to  future  possibilities  for  the  pro¬ 
duction  of  synthetic  fuels  may  now  considered.  Since 
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Alberta  contains  nearly  all  of  the  Canadian  deposits 
of  natural  gas  and  cool  it  la  of  interest  to  investigate 
the  resources  of  this  province  only. 

According  to  Beach  (5),  the  known  reserves 
of  natural  gas  in  alberta  appear  to  be  sufficient  only 
for  done stic  use,  especially  as  the  facilities  available 
are  expended,  with  a  corresponding  increase  in  ©onaumption* 
However,  Alberta,  parti eularly  the  northern  section,  is 
relatively  virgin  territory  from  the  view  point  of  oil 
and  gas  exploration*  It  is  known  that  gas  fields  exist 
in  the  general  areas  of  the  Peace  and  Athabasca  valleys, 
but  the  extent  of  these  fields  is  entirely  unknown.  After 
further  exploration  has  disclosed  new  oil  or  gas  fields, 
it  is  possible  tli at  Alberta  will  have  an  excess  of  natural 
gas  over  that  which  can  be  used  domestically,  If  this 
proves  to  be  the  case,  which  i3  not  unlikely,  then  this 
province  would  be  particularly  suited  for  the  establish¬ 
ment  of  Fi s  oh©  r-  fro pa  eh  plants. 

In  respect  to  coal  reserves,  Alberta  is  very 
v/ell  supplied,  large  deposits  of  bituminoxia  ami  sub- 
bituminous  coals  are  known*  The  total  reserves  have  been 
estimated  at  100  billion  tons,  although  many  authorities 
consider  this  figure  a  maximum*  Even  so,  it  presents  a 
tremendous  incentive  for  the  development  of  processes 
which  can  use  coal  of  this  typo  as  a  source  material. 
Alberta  has  sufficient  high  grade  coal  for  domestic  pur¬ 
poses  so  that  it  has  not  been  found  profitable,  except 
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in  a  few  localised  cases,  to  nine  any  of  the  large 
depoal ts  of  low  grade  sub-bi  tunlnoun  coals.  The 
Fisoho r-Tropsch  process  in  suited  to  the  use  of  any 
typo  of  coal,  therefore,  the  cheaper  varieties  are,  of 
course ,  the  no at  economical.  It  is  highly  probable 
that  beds  could  be  found  where  low  grade  coal  Goulet  be 
produced  in  large  quantities  and  at  low  coot  (by  atrip 
mining,  for  example.)  In  such  a  can®,  the  construction 
of  a  Fi soher-Tropach  plant  would  merit  very  serious  con¬ 
sideration. 

It  la,  of  course,  assumed  that  a  continuous 
gasification  process  would  be  used  in  such  a  plant#  Un¬ 
fortunately,  th  re  has  been  no  industrial  experience 
with  such  units  on  this  continent,  and  only  European 
designs  are  available  from  which  to  draw  conclusions. 
However,  German  practice  has  shown  definitely  th&t  where 
it  is  possible  to  obtain  a  oheap  cool  the  continuous 
process  is  very  superior  to  the  old  alternating  water 
gas  process  using  coke,  particularly  from  the  economic 
point  of  view.  Further,  it  is  felt  that  Goman  units 
have  not  don®  full  justice  to  the  possibilities  of  the 
process,  and  have  boon  guilty  of  faulty  engineering 
practice  in  the  design.  It  is  suggested  that  research 
on  this  aspect  of  the  Fis oho r- Traps oh  process,  via;  the 
production  oi  synthesis  gas  from  coal,  may  alone  be 
responsible  for  placing  this  method  on  a  competitive 
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In  oonolua  Um,  it  m«;/  bo  stated  that  by 
utilising  knowledge  ga; nod  fro: a  German  plants,  and  by 
further  development  a  on  this  continent  in  x>m  technique 
of  manufacturing  aynthoais  gas  and  obtaining  frcra  it  a 
namlm’u  yield  o',  hydrocarbons,  the  Fi  sober-  Trope  oh 
process  mb;,  bo  nude  t.  play  a  vory  important  part  in 
tho  mainton-tiioe  of  a  ruffielent  supply  of  liquid  fuels 
for  all  Beads,  Further,  the  Fischer- drops eh  prose 3 a 
can  bo  nfa  to  yield  aany  valuable  chemicals,  either  as. 
by-products  of  gasoline  manufacture,  or  from  a  process 
operated  a  pool  f  ioally  for  Gheraioul  prcduotion, 

Alberta,  with  Its  vast  resources  of  coal, 
and  probably  natural  gas  is  well,  for  which  no  satis¬ 
factory  umh  ho-  yut  be  n  found . ,  Is  in  a  very  advantageous 
position  to  expl  it  ih<  so  processes  to  the  fullest  extent. 
It  would  appear  at  this  time  that  an  industrial 
process  of  such  great  pi i raise  as  the  Fischer-^ropsch 
-,ynt!  •  3J3  I?  deserving  o>'  the  ix<-:  &  careful  consideration, 
both  by  private  in  tries  nd  by  governmental  departments. 
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EXpT'ii mw-'m  '  W.  pin/-8 

A  detailed  description  of  the  ^pvatus  ©r^sle:?ec3 
::.r;  these  invoetigati.me  him  tm@m  given  In  a  previous  raport 
ClP)*  A  few  face*  change©  v«ro  oede*  fh©  general  flow 
shoot  (  'igure  gj  affords  a 'picture  of  :/-.•©  overall  process* 
Moferrirs  to  P  o  general  flow  Snoot  C'1  ifgpo  81 
the  following  parts  have  been  labelled? 

A9  -  water  -’.na 1  tp  o  gael^to,  capacity  - 

10  eisMo  feet 

i  •  •  220  volt  n  iltiplo  dee  trie  furnace 
Cj  and  Cj,  •  e  quo  tie  son  ibbors  containing  2Sf> 

zmn 

L 

v-m  -  water  ooal  type  ;  asholder  for  ayntfreala 

'■'h  ©  •  '•  ■ 

’  •  «  standard  eo • -proceed  air  roeeivar  for  high 
rrononro  eyntheela  gaa  storage,  capacity  -  G  cable  foot, 
diameter  -  15  lnehee,  height  -  6D  Inches 

lz  -  alumina  drier  -  dlanotep-2  inches,  height  • 

24  loci  oo 

Pi  •  eopper*cino  oxide  par tfier,  diameter  « 

2  inches,  height  -  24  inches 

c  .  -  control  needle  valvo 
LU  -  react!  .  elmnbor  of  converter 
I.  -  jaoirot  containing  hooting  fluid 
j,  ~  compressor  -  si  plo  acting?  deters  diav.»tep- 
1-1/4  Inobosf  strol  e  -  2  s?ic'H38f  ossternSX  peeked  gland? 
poppet  typo  values)  lubricated  by  automatic  oil  ptsapj  bolt 
crlven  b :;  1/2  h.  >•  1*700  r,->,  >  induction  '  -o  ..or 
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FIGURE  8  -  GENERAL  FLOW  SHEET  FOR  TESTING 
OF  FISCHER  TROPSCH  CATALYSTS 


-  3.01  ** 

•  -  water  cooled  rot"  ux  condenser 
L*  -  ballast  ora  *bor 

•  «  a  tea?  heated  cate’.:  pot  for  produet  boiling 

above  10G°C « 

•  ~  water  coaled  catch  pot  for  product  boil¬ 
ing  between  0°  -  .  -  100°G • 

0®  -  therr  ocouplo  *  co  pi  or-  const  an  t  an 

-  cash,  reducing  valve  -  standard  Cash  model 
19R5,  else  l/2v' 9  e?vulcanisod  fibre”  seat 

!■•  -  Schwarts  ground  glass  stoppered  V- tubes 
containing  calcium  chloride 

*••  •  -  /iv  Jibed  glass  type  washing  bottle  (SOQe.c.) 
containing  approximately  3l>  *&t)H 

T.  -  precision  wot  teat  no  tor 

l>  •  -  furnace  containing  metallic  copper  $350  - 

500°C  • ) 

V.  -  activated  charcoal  scrubber 
X,  -  continuous  gravity  type  gas  sampler  - 
containing  10$  HagS04  and  10$  g>S04  (m  confining  fluid 

Some  additions  and  some  alterations  to  the  exist 
ing  equipment  wore  made. 

Another  caustic  scrubber  (Cg)  was  placed  In 
oorioo  with  the  existing  scrubber  to  definitely  insuro  the 
complete  removal  of  carbon  dioxide  and  hydrogen  sulfide  from 
the  synthesis  gas.  In  addition,  an  overflow  reservoir  Of) 
was  added  on  ofich  scrubber  so  that  caustic  would  not  run  into 
the  cod  lino  In  c&oo  the  scrubbers  were  plugged. 

As  a  further  precaution  against  the  possibility 
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of  poisons  boring  in  the  synthesis  gas  a  combined  sin®  oxide- 
copper  purifier  was  installed  in  series  with,  and  Immediately 
before  t!  e  alumina  drier,  hho  drier  was  fabricated  of  2W 
standard  iron  pipe,  24"  long*  It  was  packed  one-third  full 
with  copper  strand  and  the  reminder  with  sin®  oxide  nolle  us. 
This  unit  mm  covered  with  a  la  *©r  of  asbestos  ap@r  and 
wound  with  thirty  feet  of  electric  resistance  wire.  The 
entire  assembly  was  encased  in  porous  asbestos  insulation* 
During  operation,  the  purifier  was  kept  at  a  ter.1poratt.1ro  of 
2 SO  -  300°C.  The  copper  removes  'my  remaining  oxygen  to 
the  synthesis  gas  and  the  zinc  oxide  pellets  remove  any 
remaining  sulfur. 

Temperature  co  itrc!  n  the  converters  was 
maintained  by  varying  the  pressure  of  an  inert  gas  (methane) 
above  the  heating  fluid  in  the  jacket  surrounding  the 
catalyst  column  •  The  .  reaouro  in  the  jackets  was  indicated 
by  a  )  ov  iion  type  gauge,  range  SO":  g  vac.  to  GO  psi.  For 
reduction  purposes  however,  as  mch  cm  120  pounds  pressure 
ad  to  bo  applied  alcove  the  fluid  to  obtain  a  temperature  of 
"PjOoC  .  ion  co  no  o  other  provision  for  reading  these  pressures 
hod  to  be  Installed. 

One-quarter  inch  brass  globe  valves  (Z)  wore 
installed  at  the  inlet  to  the  pressure  gauges.  At.  the  inlet 
to  the  common  header  carrying  the  gas  to  tbs  jackets  a 
bourdon  type  gauge,  range  0-200  psi.,  was  Inst  tailed.  Thus 
When  normal  operation  was  in  progress,  and  relatively  snail 
pressures  wore  required  above  the  heating  fluid,  the  GO  pound 
gauges  wore  put  into  the  system  by  opening  the  on© -quarter 
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Inch  brass  glob©  valves  •  On  the  other  band,  when  high 
pressures  were  required  (as  for  reduction)  the  quarter  inch 
valves  were  closed,  Isolating  P'-g  CO  pound  garages  and  allow¬ 
ing  the  pressure  to  he  registered  cm  the  Bourdon  gauge, 
range  0«*20opsl.,  at  fie  inlot  to  the  gas  header • 

An  iron-const  ant  an  thermocouple  lino,  oon.ion  to 
all  tho  convertors,  was  installed  and  lod  into  the  main 
.switch  hoard  onto  a  double  throw  switch*  Temperatures  shove 
300°C*  on  any  of  the  converters  could  he  obtained  by  simply 
attaching  a  thermo  couple  from  tho  desired  section  of  the 
convertor  to  tho  main  line*  or  temperatures  below  SOQ°C., 
fc'i©  existing  copper -cons tao tan  thermocouple  line  was  employed 
f  ine©  it  was  vary  seldom  that  more  then  two  converters  were 
over  at  tJ  is  high,  to  upornture  at  the  same  t3r  o,  both,  to  -  or a- 
tures  co  ld  bo  obtained  readily  by  uso  of  tho  double  throw 
switch* 

Tho  pellets  in  tho  catalyst  column  were 
oup  ortod  fro  '  alow  by  a  fine  wire  screen  welded  to  tl^o  top 
of  a  3/f"  length  of  pipe  which  screwed  into  the  bottom  of  the 
tube#  The  length  of  the  catalyst  l;od  could  be  varied  within 
certain  Units  by  altering  t?  o  length  of  t  o  supporting  pi  o* 
It  was  dosirod  to  shorten  tho  catalyst  column  to  insure  more 
uniform  heating  throughout  the  catalyst  bed*  Tills  had  been 
dono  previously  by  placing  a  two  Inch  layer  of  porcelain 
chips  on  tho  bottom  of  tho  catalyst  column.  It  was  thought, 
however,  that  those  might  in  so  mo  way  affect  tie  operation* 
Consequently  the  pipes  supporting  tho  catalyst  wore  replaced 
In  all  the  converters  by  a  similar  net,  two  inches  longer. 

The  low  boiling  mint  products  were  caught  in  a 
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receiver  surrounded  by  a  j&ci cot  .  opt  full  of  loo.  Replenish* 
Inc  of  t;  o  ico  supply,  i  -ovovor,  required  too  much  attention 
and  time  fror:  the  operator .  To  overcome  this  inconvenience 
a  cooling  water  lino  was  Installed,  whereby  cold  water  ClC°c;a) 
was  ■'.opt  flowing  continuously  over  the  catch  .»r.* 

Previous  to  those  Investigations  the  sgn  thesis 
gas  compressor  was  hand  lubricated*  This  rather  awkward 
:-.oG2*s  of  lubrication  was  replaced  y  an  automatic  lubricator 
attached  by  mans  of  a  s/l6n  steel  drive  shaft  to  the  pulley 
of  the  compressor*  £  o  lubricator  is  the  standard  nodal  rh 
”  "TBufacuui*od  by  tho  ills  oCanna  Company* 
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A*  CataX jots  and  their  /reparation 

:'.a  the  prosout  -ivoat-- ja.ions  of  Flooher-Nfropseh 
catalysts  at;  the  Uni  varsity  of  Alberta  five  types  of  catalysts 
W0  prepared  In  the  laboratory  for  testing  while  four 
catalysts  wore  obtained  fro?::  other  3001*0953 »  These  uero  cs 
follows i 

•  1 

1*  b  •  »  ;.  urea;<  of  .nee  Ho*  10  iron  catalyst 

2*  f  •  *»•  bureau  of  lines  No*  24  iron-coppor 

catalyst 

3*  Iron  -tit  nni  u-  n  catalyst 

4.  Uotoal t- t?¥>r i a-tei ©selguhr  catalyst-  ",  S, 

Bureau  oi  .Nines,  F*r  *G*  ho*  12 

Notes  "ho  above  four  catalysts  '  ave  boon  prepared  at  the 
University  of  ftlberfca  (12) 

5,  C obol t-nangane se  catalyst 

6*  Co-Tho^-  gO-iil©selguhr  catalyst  -  U,  S* 

l  \JS?emi  of  Fines  No,  89H 

7*  Cobalt-t  or.' a  catalyst  (con-  ere:’  al)  preoared 

1 

by  1  arahaw  C  w  deal  Co  r  nny,  Cleveland,  Ohio 

8*  Nickel -manganese  catalyst  (cosmiorcial) 
prepared  by  b'*rshaw  Choi  deal  Company,  Cleveland,  Ohio* 

’die  water  to  be  used  in  tho  catalyst  prepara¬ 
tions  was  tested  for  sulphur  content,  since,  if  present,  it 
.ay  be  adsorbed  on  the  surface  of  the  catalyst  and  behave  as 
a  poison  to  the  synthesis  react!  n* 

Very  sensitive  testa  were  r*ade  for  hydrogen 
sul  hide  (40),  total  sulphides  (1),  sulphur  dioxide  (21) 
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and  sulphites  (20)  •  negative  results  wer©  obtained  for  all 
these  teats  and  banco  It  uas  -issumed  that  if  sulphur  were 
present,  It  was  ai  Man!  to  to  affect  the 

catalyst  in  a  harmful  manner * 

fhe  procedure  laid  d?*:®  by  the  r,  ,•  „  Bureau  of 
Hines  was  followed  '.a  closely  as  possible  ±n  the  preparation 
o:t  their  catalysts*  .’he  equ:l  ttieut  used  Ib  shorn  In  .  I;  Tiro  9* 

I  hare  an  of  Mines  10  Catalyst 

‘  wo  solutions  were  made  up  to  prepare  tills 
catalyst*  The  first  was  a  solution  1012  gms#  of  Po(TJ0s)j»9J  gh 
in  three  litres  of  d.3  stilled  water  and  the  second  solution  of 
600  gms*  of  Kg(iOg*l»l/S  KgO  in  890  cos*  of  water*  Both 
solutions  were  brought  to  a  temperature  of  70°C.  and  then 
tli©  carbonate  was  slowly  added  to  tho  nitrate  by  means  ox"  a 
dropping  funnel*  During  the  addition,  which  required  twenty 
minutes,  the  slurry  was  vigorously  stirred  by  a  no  tor 
driven  stirrer.  Also  during  the  addition  the  temperature 
varied  between  60°-75°G.  Heat  at  this  time  was  supplied  by 
a  hot  plate  directly  in  contact  with  tlie  slurry  container, 
but  clone  temperature  control  could  not  be  maintained  In 
tills  manner  and  hones  the  container  was  pi  ace  din  a  water 
bath*  Hi©  slurry  was  made  u  to  six  litres,  stirred  and 
allowed  to  settle*  V*  o  supernatant  liquid  was  then  decanted 
by  rieans  of  a  si  hon .  The  Blurry  was  again  mads  up  to  six 
litres,  starred  for  five  minute®,  allowed  to  settle  mid 
cloca  ted*  Decantat  ons  were  carried  out  lo  reduce  the  nitrate 
concentration  to  at  least  one  part  In  sixteen  thousand  as 
determined  by  a  diphenyl  swine  test*  Diphenyl  amine  turns  a 
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A  -  Hot  water 
B  -  Siphon 

C  -  15  litre  slurry  container 
D  -  Water  bath 
E  -  hot  plate 
F  -  Bunsen  burner 

G  -  Micromax  temperature  controller 
H  -  Electrostatic  relay 
I  -  Decanting  siphon 
J  -  110  volt  supply 
T  -  Thermocouple 


FIGURE  9  -  APPARATUS  FOR  PREPARATION  OF  CATALYSTS 


deep  blue  in  the  presence  of  nitraue#  Vwe?  ity-one  M&mt&timio 
were  mad©  before  a  negative  nitrate  toot  was  obtained* 

‘fb©  decantations  war©  curried  out  over  a  period 
of  forty  hours*  though  it  was  at  to  ipted  to  keep  the  to?  uer- 
atnre  at  70°C*  it  veiled  from  69°C*  to  86°G*  tisroughout  the 
decantations  *  A  '.-dcromax  temperature  recorder  and.  relay 
wore  i  '.stalled  in  the  :  ea*.  ;■.*£  circuit  for  the  preparation  of 
tl  g  other  catalysts  * 

riha  slurry  was  filtered  i.i  a  large  liuoknor 
funnel  cud  washed  several  tines  with  viator •  It  was  then 
spread  out  on  two  unglazod  porcelain  plates  in  about  a  one- 
quarter  inch  layer  and  fallowed  to  dry  five  days  at  re  am 
fcoaper  aturo  *  Vho  dried  material  ..as  then  placed  in  a  to? iper- 
ature  controlled  electric  oven  and  the  teu’perature  was  raised 
slowly  over  a  period  of  five  hours  to  150°C «  l1  he  oven  was 
hold  at  this  te  per  amp©  for  twenty-four  hours,  hoe 
difficulty  woo  eneountorod  in  i  aintoiniag  f  ©  oven  torpor atupo 
at  150°G.P  henoe  two  auxiliary  heating  coils  in  series  with 
a  variable  resistance  were  placed  in  the  oven  for  tl  o 
preparation  of  the  other  catalysts#  A  yield  of  194  g  s*  tv  os 
obtained* 

The  dried  catalyst  was  ground  to  pass  throng  a 
fifty  mesh  screen  and  to  this  powder  nine  grams  of  flaked 
graphite  wore  added.  The  graphite  is  inert  and  has  no 
catalytic  action,  The  powder  was  then  fed  to  a  pelleting 
r;  achino  arid  pellets  about  s/lO^  In  diameter  andl/s**  thick 
wore  for ■  -od •  The  pellets  so  formed  wore  quite  core!.  qijc*  f i.ri  » 
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»  a,  ■■  jroau  of  linos  -;r&2  ..i or  Catalyst 

!£ho  reagents  iael  were  700  gratae  of  ^eSO^fTi p-) 
tmd  XDd  gross  GuttO^GhgO  l:a  fu*OQ  litres  of  water.  These 
woro  oopr«oii>it.ar,e'.i  fro, i  9i2  gra  a  of  IgCO g ,l-l/2HgG  in  d'9 
oca.  of  w&tor ,  The  ratio  of  iron  to  copper  in  the  resulting 
catalyst  was  our  to  one. 

,lio  oe  literature  control,  addition  of  3 .oGQg, 
was! :ing  and  decantation  wore  carr-  ad  out' la  the  sane  manner 
.as  for  the  iron  catalyst,  t  &>  only  difference  being  that 
after  each  decantation  the  Blurry  was  made  up  to  six  litres 
and  air  was  blown  fc’  .trough  for  ten  minutes*  IMs  lias  the 
off oot  of  oxidising  aoeue  of  f  e  iron  to  the  ferric  state, 
Decantations  were  carried  out  unf'l  a  negative  test  for 
snlphato,  as  indicated  by  a  'aClg  test,  was  obtained*  .After 
the  eleventh  decantation  a  largo  rroportion  of  the  solids 
mr  Id  not  settle  out  but  roma-no d  in  suspension  in  the 
colloidal  state.  Consequently,  author  one  hundred  grams  of 
r^COg  were  added  to  precipitate  t'ds  material.  A  negative 
hoot  for  sulpliate  was  obtained  after  a  total  of  twenty 
deoantaUloiiS,  As  with  the  iron  catalyst  the  material  after 
filtration  was  dr  ed,  ba  ad,  ground,  lixed  with  ten  gra^s  of 
graphite  a  d  pelleted.  T  e  pellets  obtained  were  quite  hard 
and  firm  and  the  aaio  siao  as  t!  e  iron  catalyst  pellets* 

Iron  Titanium.  Catalyat 

700  gran®  of  FeSO^.Q  ph  and  22 .7  gns.  of  a  SOS# 
solution  of  ?fiClg  wore  copraoi}  itated  from  7 O  grams  of 
t  gCOjjj  ,i»l/s  hj>  •  I’bo  techniques  employed  were  the  sar»  as 
those  used  in  the  nation  of  the  U#  :  .  Bureau  of  nos 
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..-jo*  3.0  iron  catalyst.  leventosn  lootttaUons  m*@  carried 
out  'bofor©  a  •  egativ©  a  slphafcc  west  was  obtained*  Flaked 
graphite  to  t'  .e  exboivc  of  four  percent  vat  added  to  the  dry 
powder  before  polio  ting,  The  yield  of  catalyst  was 

0125,5  gra-jj, 

Furoau  of  fines  ,c,  /IS  iobalt  JataXyat 

?  * l  ■  p  , 

Tto  procedure  used  was  that  laid  down  by  the  , 

;  •  I-toeau  of  .'  ‘2  nos  except  that  the  quantities  used  were  on©** 
and  one -half  tl.tes  the  specif  led  amount! 

Co(  N0g)g  *6BgO  2B6  grans 

r h { ’TO 3)  4  ,13HgO  42.7  grams 

KgG0g,l-l/2Hg0  200  grazes 

Oolite  -UC#S,- Johns  an  villa  90  grand, 
h  o  composition  of  the  resulting  oat al yet  is  02>£  cobalt 
02d.ee  aiid  10,0  thor2.au  ox i  o, 

The  cobalt  and  thorium  salts  were  dissolved  in 
two  litres  op  distilled  water  at  35°o.  The  : p;(X)g,X-l/2  go 
was  dissolved  In  500  00s,  of  die  d  water  at  about  90°G . 
Thoet  two  solutions  wei»©  brought  to  a  temperature  of  74°G. 
and  then  rapidly  mixed.  The  resulting  solution  was  dilated 
to  six  litres  and  agitated,  ©c&otations  were  carried  out 
as  on  the  #10  iron  catalyst  until  a  negative  nitrate  tost 
was  obtained,  sixteen  decantations  wore  necessary,  The 
slurry  was  then  filtered , 

Th©  catalyst  was  then  dried  for  thirty-four 
.ours  at  roor:  temperature  and  t!  on  for  20*5  hours  at  a 
temperature  of  150  -  200°C  •  i!ie  dried  ueterial  weighed  170*2 
©as.  This  material  was  ground  to  pass  through  a  fifty  nosh 
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screen  and  eight  grams  of  flaked  graphite  was?®  teen  added  • 

;Hie  powder  was  pelleted  into  'very  thin  pellet©  since  the 
material  because  of  its  lightness  will  not  form,  firm,  pellet© 
in  on©  operation*  Hie  thin  pellets  novo  ground  t©  pass  a 
40  mosh  screen  and  the  powder  was  recoil® ted.  The  pellets 
obtained  were  quit©  porous  and  loo  In  ®@4hse±eal  strength* 

The  I  ur@su  of  fines  ape  oil’ led  that  the  catalyst 
be  dried  for  24  hours  at  room  temperature  and  for  20*5  hours 
at  151©C.  owev er,  this  catalyst  was  dried  at  room  tempera¬ 

ture  for  thirty-four  hours  and  the  ovon  temperature  reached 
200°C*  Hen oq  another  catalyst  was  prepared  with  better 
temperature  control.  The  yield  of  this  second  catalyst  was 
195  gran©.  The  procedure  used  for  preparing  this  catalyst 
previously  (6Ga)  at  the  ‘university  of  Alberta  was  identical 
except  that  the  preparation  was  carried  out  over  a  longer 
period  of  tire  end  condition©  were  more  varied.  The  thro© 
catalysts  were  kept  with  the  object  in  mind  of  comparing 
their  activities  in  the  synthesis. 

Cobalt-  .anganoao  Catalyst 

The  following  materials  wore  used  for  pro poring 
the  cobalt-raangonoso  catalyst} 

Co(HOs)g*aigO  297  grams 

rh(HOs)g  (80$  solution)  63  grams 

Colli, e  H*C .3* -Johns  tfsnav&lle  90  grams 

KgC0;.(«l-l/S  HgO  SSV  CT0.,  « 

The  procedure  used  in  the  coproeipitation  of  those 
materials  woe  identical  with  that  used  in  the  preparation  of 
the  cobalt- thoria  catalyst*  An  additional  one  hundred  grar» 
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q£  c  op  bo ' >  at©  was  added.  after  the  s@0ond  do  0  an  t  at ion  and  a 
snail  amount  after  the  eighteenth  decantation  to  precipitate 
the  solids  which  remained  In  suspension*  In  all*  twenty* 
oovon  decantations  wore  carried  out  before  a  negative  nitrate 
tost  was  obtained*  Drying  and  pelleting  were  carried,  out  as 
for  the  other  cobalt  catalyst.  'lie  yield  was  174*8  grams. 
lureau  of  1  Inea  Cobalt  Catalyst  Ho*  8911 

This  catalyst  which  was  obtained  from  the  b*  . 
Bureau  of  Mines  had  the  following  compositions 
CosThOgi  go  tkleselguhr  0  100 8 6 §18 s 000  parts  by  weight*  The 
catalyst  was  In  the  form  of  very  small  cylindrical  pellets 
(1/b"  diameter*  s/S0M  thick). 

COBPorolal  Cobalt  and  .  1c-  el  oatolysta 

These  were  obtained  from  the  Mar  shew  Che  .deal 
Company*  .0 thing  is  k  ow  of  the  composition  of  these  two 
coo  orelal  catalysts.  Cobalt  and  nickel  are  the  bases  and 
they  are  promoted  by  thorla  asid  manganese  respectively. 

Both  catalysts  were  in  the  form  of  cylindrical  pellets* 

8/88”  in  diameter  and  l/Bn  long. 

B.  Preparation  of  tho  Synthesis  Gas  for  Catalyst  Testing 

The  laboratory  method  for  the  preparation  of 
synthesis  gas  by  a  batch  operation  Is  standard  and  has 
already  boon  outlined  in  a  previous  report  (12).  However, 
tho  existing  method  of  supplying  methane  from  a  high  pros  sure 
cylinder  to  tho  tank  A  (Figure  5  )  required  too  much  manual 
control  and  was  discarded*  Instead  methane  was  dram 
directly  from  tho  low  pressure  supply  lines  into  a  surge 
tank*  which  reduced  pressure  fluctuations*  and  thence 
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directly  to  the  gas  holdof  *  Small  pressure  fluctuations  ■ 
between  nei'Pow  limit  a  could  not  bo  ©ntirely  eliminated* 

Quit©  accurate  Pictures  of  g as  were  mad©  in  this  way* 

^h©  additional  synthesis  gas  purification  equip- 
nioaat  ha s  been  mentioned  •  The  oopper**8ino  oad.de  purifier 
eliminated  my  oxygen,  hydro  non  sulphide  or  aereaptans  which 
wor©  still  present  in  the  gas^  trial 
SOu  +  Og  e  SGu® 

HgB  *  ZnO  *s  ZnS  *  HgO 
RSH  +  2nG  e  2nS  4-  BOH 

The  water  and  BOH  are  subsequently  removed  in  the  alumina 

dryer* 

An  excess  of  water  production  in  the  preparation 
of  synthesis  gas  over  the  nickel  catalyst  in  the  furnace 
indicated  that  the  furnace  temperature  was  too  high  or  that 
the  activity  of  the  catalyst  was  impaired.  During  those  tests 
the  catalyst  was  changed  throe  tl  es* 

C*  Analytical  ethoda  and  Operational  Techniques 

At  the  outset  of  those  Investigations  the 
technique  outlined  by  the  *  S.  Bureau  of  ines  for  their 
catalysts  was  followed  as  Glosoly  as  possible  (6). 

Howovor,  yields  of  hydrocarbons  obtained  were  insufficient 
and  a  now  technique  of  reducing  and  conditioning  the  catalyst 
vjqq  o  ployed*  .From  the  results  obtained  by  this  alternate 
method  it  is  evident  that  the  meaner  of  reduction  and  the 
temperatures  at  which  conditioning  is  commenced  Is  of  prime 
importance  in  determining  the  suitability  of  any  catalyst. 
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The  catalyst  chambers  wore  filled  with  pellets 
ond  tested  for  leaks  #  Any  leaks  were  located  said  repaired* 
The  converters  wore  then  ready  for  catalyst  testing* 

‘The  testing  operations  consisted  of  three 

distinct  procedures i 

1  .Reduction  and  conditioning  of  the  catalyst 
2m  Operation  mi  the  conditioned  catalyst 
3.  Analyses  and  material  balances* 

A  discussion  of  the  ca  plets  procedure  follows, 

Reduction  and  Conditioning  of  the  Catalyst 

A  detailed  account  of  the  technique  employe  cl  by 
the  ii.S.  Bureau  of  Pines  for  reduction  and  eo;  dltioning  of 
tho  catalyst  is  outlined  in  a  previous  report  (IS,  6),  After 
testing  a  cobalt  catalyst  which  had  been  reduced  and 
conditioned  by  this  method  the  yields  were  found  to  be 
unsatisfactory.  It  was  thought  that  a  considerable  amount  of 
tho  catalyst  remained  unreduced.  Grid  hence  the  reduction 
procedure  was  altered  in  some  respects. 

The  system  was  first  flushed  with  purified 
hydrogen  at  a  rate  of  flow  corresponding  to  a  space  velocity 
of  80-85  per  hour,  (Space  velocities  ore  based  on  tho  volume 
of  tho  empty  catalyst  chamber •)  The  temperature  was  brought 
to  300°C.  over  a  period  of  2 9  hours,  Tho  hydrogen  flow  was 
con  tin  .tod  at  this  temperature  for  twenty  four  hours.  At 
tills  point  the  flow  of  hydrogen  was  increased  to  a  spaco 
velocity  of  200-300/hr,  and  held  at  this  rate  for  two  hours, 
Tho  iron  and  cobalt  catalysts  wore  both  reduced  in  this 
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After  tlao  reduction  of  the  iron  catalyst  In  tha 
©foremen  ti  onod  manner,  the  conditioning  pro  cedar©  outlined  by 
the  b  •  S*  Bureau  of  tinea  mm  ermloycd •  The  catalyst  temper¬ 
ature  was  reduced  to  220°C*,  synthesis  gas  at  a  space  velocity 
of  XSQ/hr.  was  admitted  and  the  pressure  mm  raised  to  100 
pel*  Once  a.  steady  contraction  of  X$%  was  obtained  the 
temper at-ire  was  raised  to  2S0°C*  over  a  period  of  forty-eight 
hours,  after  which  tin©  the  catalyst  was  considered  to  he 
conditioned* 

After  the  reduction  of  the  cobalt  catalyst  the 
hydrogen  flow  was  reduced  to  a  small  flow  and  tfco  catalyst 
was  cooled  by  reducing  the  pressure  of  15" e  methane  above  the 
dowthem  to  atmospheric  pressure .  i ©fcralin  was  then 
substituted  for  the  do  w  therm  (b.pt,  at  ?J •  '*?•  a  205°C.)  • 

This  fluid  enabled  the  catalyst  to  be  kept  at  initial  condition¬ 
ing  temperature  with  a  relatively  low  pressure  (X7R  of  H g* 
vac*)  above  it*  The  temperature  was  lowered  to  145° 0 •-  16D°G* 
and  a  flow  of  synthesis  gas  at  one  atmosphere  and  a  space 
velocity  of  100/hr ,  was  substituted  for  the  hydrogen  flow. 

This  low  initial  temperature  was  ©.  iployod  to  assure  that 
sintering  of  the  catalyst  did  not  occur*  nhe  flow  of  synthesis 
;;as  at  at '.no  spheric  pressure  was  registered  on  a  calibrated 

motor  manometer  since  the  existing  manometer  on  the  converter 

hi  s  Vi 

could  not  accommodate  this  lew  flow.  After  a  few  hours  the 
temperature  was  raised  until  a  ©on traction  of  SO/.?  was  obsa  neb  * 
(This  contraction  was  often  obtained  without  raising  the 
temperature.)  This  was  held  steady  over  a  period  of  four 
hours.  The  t©  qwrature  was  again  raised  to  give  a  contraction 
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of  S0-j  and  this  was  also  held  .for  four  hours .  This  proeedure 
1^03  reposted  untU  a  60r  contraction  was  reached.  Ti  ■  is  port 
of  the  co  ?&■' tionJ.rg  general  liv  required  from  one  to  two  days. 
;T:o  tator  inanoneters  were  di  s  connected  and  replaced  by  the 
'oreury  manometers  and  t  e  pressure  was  raised  to  100  pel. 
over  a  period  of  two  hours .  reduction  usually  started  with 

a  contract  ion  of  76  -  f)d$,  'he  post  active  cobalt  catalysts 
operate  at  a  temoer  attire  of  X90°G. 

Method  of  Oporation 

\ 

On  Sunday  midnight  of  each  imok  operation  on 
the  converter  units  oorrrenced  and  was  maintained  until  the 
following  Saturday  morning.  Tho  units  ©  orated  continuously 
throughout  this  tiro  unices  repair  necosai tacod  shuting 
down  for  a  short  tine.  I>u?ing  such  shut  clowns,  passage  of 
synthesis  gas  over  the  catalyst  was  di  scontinued  end  was 
replaced  by  a  slight  positive  flow  of  purified  hydrogen  at 
atmospheric  pressure.  If  the  units  were  operating  at 
100  pal.  the  treasure  was  lowerod  to  atmospheric  over  a 
period  of  an  tour,  and  when  synthesis  gas  oporation  oommenosd 
it  was  raised  ovor  the  sa  :o  period  of  tlcie.  i\fter  the  units 
hod  boon  abut  down  tho  liquid  products  from  the  calc*  pots 
wore  re  oved. 

Iron  catalysts  wore  tested  at  a  synthesis  gas 
space  velocity  of  about  IdO/hovr  while  cobalt  catalysts  were 
over  a  tod  at  a  3  pace  velocity  of  100/hour*  At  the  end  of  a 
wools*  s  operation  a  notable  decrease  in  tho  activity  of  tho 
cobalt  catalysts  (as  detorni  iod  by  the  do  ere  as  d  contrac¬ 
tions)  occurred,  iionoe,  after  every  shut  down  a  low  torpor- 
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afcure  activation  on  the  catalyst  w  performed.  After  the 
units  had  toon  shut  down  and  the  products  drained#  the 
catalyst  to:  >perature  was  raised  to  15°  above  operating 
toauerature#  and  a  flow  of  hydrogen  at  a  space  velocity  of 
200*500  por  hour  was  maintained  for  two  hours  *  Iron 
catalysts  are  never  reactivated  since  they  maintain  tools* 
activity  for  a  period  of  several  rontha*  After  this 
activation  of  the  cobalt  catalyst  the  flow  of  hydrogen  was 
decreased  to  its  former  amount  and  the  temperature  was 
brought  down  to  It- -IIP  •  below  operating  temperature.  The 
units  wore  loft  under  these  conditions  until  normal  operation 
woo  roGCKKienced. 

hree  operators  maintained  the  operation  of  five 
units  in  three  eight  hour  shifts,  hach  operator  was  respon¬ 
sible  for  same  analysis  work,  naintenanco  and  repairs  on  the 
units,  preparation  of  synthesis  gas  and  periodic  recording 
of  the  operat'ng  conditions.  Flow  meters  and  manometers 
vjopo  read  hourly,  whereas  temperatures  and  pressures  v/oro 
read  evory  two  or  three  hours,  by  means  of  this  data, 
contractions  wore  calculated  and  a  close  check  on  experimental 
conditions  was  maintained.  A  sample  operating  sheet  is 
shown  (page  110). 
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Catalyst  -  Xc 


OPERATING  SHEET 

- Y  -  T  - - 

Date:  J 


Reactor  No.  ~  3 

Nominal  Pressure  -  /&  o 

Nominal  Temperature  - 

Nominal  Plow  Rate  -  /s~o 


KClgilO  - 

Time  8 

m 

9 

10 

- r 

11 

12 

UPH 

2 

3 

4 

5 

6 

7 

8 

9 

ao 

11 

12 

1  m 

2 

3 

4 

5 

6 

7 

pressures 

T> 

111 

eactor 

99 

] 

/O  o 

/ 

/0O 

'0  0 

/o  0 

/oo 

/Oo 

/Oo 

/oo 

— - ' 

_ - 

t  Jacket 

X 

Z 

£ 

52 

Z 

A7 

? 

Z 

2 

1 

.  mm. 

IRr.rnmp.tfiT  tt 

M5 

(,<£* 

6X5' 

6X5' 

6X5 

6*/ 

XXS 

6X5 

s*y 

" » •  ■ 

Xx'y 

h 

-  ilK 

wperatures 

- 

( 

j( 

Catalyst  1 

149 

m 

Ml 

Ml 

^7 

■W 

M\ 

L 25L 

-?E/ 

7*1 

Catalyst  2 

1*2 

252 

2*3 

26'3 

7*2 

- - ■ 

Ml 

Ml 

J££ 

Catalyst  3 

r>  dx 

M 

M3 

AW 

2+3 

M2* 

m. 

JM 

2+7 

Jacket  °C 

253 

- 

L-+- 

253 

JL i. 

21 i. 

j£l 

2*3 

&L 

1*9 

Aif 

25ft 

Gasmeter  °C 

79 

1% 

70 

n 

n 

7X 

-Z3L 

■n 

71 

11 

V 

JZL 

PLOW 

'€> 

1 

Gasmet  er-cu . ft 

y/ 

h7 

/ 

- - 

4 

0 

V 

f?-p 

#,r 

V1 

& 

f 

V 
1 0 

,c 

jtii 

lid- 

/C 

4 

ikL 

+ 

2L 

/ 

/ 

EL 

*L 

* 

.1v 

£- 

mL 

A. 

IPloT-mieter  L 

tfo 

/■go 

iff  ■■— 

u -o  c 

190 

1.90 

/70 

\-%o 

Ago 

1-Zo 

170 

l-9o 

M?0 

/•?5' 

7-o  ^ 

J&L 

/.90 

c2-o  0 

2-o  3 

/.?0 

2-0  b 

7-9  0 

<2-0  0 

"  R 

r 3.07} 

/1-2 — 

l-9o 

L 2-ot> 

-  —r — - - 

'  W 

1-95' 

>9o 

199 

Ho 

IRo 

/'S® 

l-9o 

I4J_ 

?.o  * 

2-00 

J?-0* 

tft 

<2-o  0 

/•  03 

/■9t> 

2- Ob 

2-00 

/-?£ 

n  e?t'  0O 

”  Total 

3-90 

'  37c 

m.ot 

■  3-<ti 

'  370 

37o 

S.7o 

37  0 

3-5 1> 

37C 

3?5 

'372 

4-o* 

3-6S 

J-X£ 

fto-D 

7-00. 

3XS 

7-?o 

7-0  C > 

*.  Oo 

1%  Tlpn.rp.nRfl 

3o- 

g 

3/3 

3° 

3*3 

) 

307 

**■3 

*43 

ll-b 

X/-* 

jSam'Dles 

i 

ZC2 

»> 

3C2A 

I 

3C25 

— *  — - 
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Notesi 


Analyses  and  atari  a  1  x  glance a 

synthesis  gas  was  analysed  at  least  once  a 
\iqqV'  in  a  standard  Bias  --ll  ' m  Analysis  Apparatus  to  keep  a 
oho  ok  on  the  GOt%  ratio*  During  these  investigations  the 
average  ratio  of  %t00  in  the  synthesis  gas  was  S*09sl* 

The  residue  gas  was  cello oted  in  a  two  litre 
pro-OTtional  sampler  over  a  period  of  several  hours •  One  gas 
analysis  was  performed  on  each  shift *  The  residue  gas 
contained  water  vapor,  0-  hydrocarbons  (CH4,  Gg%,  Cs%) , 
Kg'  and  unconverted  CO  and  Fg, 

The  water  vapor  was  removed  by  a  OnClg  I* -tube 
drier  and  was  de term  nod  by  weighing  before  mid.  after  a 
we©?:* s  operation*  The  oog  was  removed  by  a  caustic  scrubber 
containing  250  oca,  of  approximately  Sft*K0H«  Ihe  COg  content 
was  do  tor  mined  by  titrating  a  10  oc#  aliquot  part  of  the 
spent  solution  against  standardised  1*5  h.kCl  using  phenol* 
pthalein  and  methyl  orange  indicators,  For  iron  catalysts 
those  titrations  wore  carried  out  every  c  hours  since  much 
00 p  was  produced  but  for  cobalt  catalysts  titrations  were 
carried  out  after  a  weo!c*s  operation* 

Ihe  COg  and  water  free  residue  goo  was 
analysed  in  tho  hurra!  Gas  Analysis  Apparatus  to  deter  tin© 
the  percentages  of  COg,  CO,  Hg,  OM4,  CgHg  and 

f.fh©  liquid  product  that  was  collected  at  the 
end  of  e  itch  run  was  allowed  to  aecmai^ate  until  a  sufficient 
amount  of  the  sample  had  boon  obtained  for  analyses#  do,,  to 
viator  condensed  with  tho  hydrocarbon  product  and  this  was 
•'.Iso  analysed#  Solids  wore  re  -oved  from  tho  product  by 


ISO 


f  literal  io-.  •  •  'he  following  tests  wore  carried  out  on  the 

liquid  hydrocarbon  r  roduets  (Goa)  s 

{■:..)  tensity  -  dens f ty  bottles  calibrated  viith 
water  at  S5°C  *  were  used. 

(1  }  “efr active  index  -  an  Abbe  refractorser  was 


used  • 

(c)  /.  •  .  .  enil:'ue  p.:t  »  only  a  small  ^j»uat 

.  as  '  rZf  c  !• 

Aa  aniline  point  indicates  the  to  perafcure  at  which  equal 
voI.vqs  of  v.  '  1  '  .o  md  su  ..I  jo--  t  completely  nlscible* 

The  nor©  unsaturated  the  oil,  t  -  nor  the  resulting  aniline 
..  olr  t,  A,S.T.M.  (D~eil-44P) 

(d)  A*v  ,T.  •  (  94-30)  saponlf 1 cation  number  - 
a  measured  quant  it;-/  of  the  oc  id  tree  a  a  pic  was  heated  and 
refluxed  with  a  measured  amount  of  alcoholic  potassium 
hydroxide*  the  number  of  milligrams  of  ,0H  adsorbed  by 

1  grai  of  oil,  as  deter.dnod  by  a  hue  :  titration  with  standard 
01,  is  own  as  the  saponification  equivalent*  The  tost  is 
a  measure  of  the  free  and  combined  fatty  acid  in  the  sample* 
(g)  i  .  distillation  (D06-35)  -  because 

of  the  s.  '.all  a  ounts  of  sample  ava  lulls  a  10  nil*  distillation 
flash  was  used  instead  of  a  100  1.  flash.  The  distillation 

was  arbiter  aril;;  stopped  at  250°C,  to  prevent  waxes  and  high 
boiling  point  oils  from  solidifying  in  the  condenser.  The 
data  was  used  to  plot  distillation  curves. 

Only  the  approximate  density  was  do  tor  -  lined  for 
th©  hig..  boiling  fraction*  This  was  don©  by  weighing  the 
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volir.'.o  of  viax  drained  fro::'  h  o  po":'s  at  tl  e  one?  of  e-acf  run* 
hlo  water  that  ©a  fenced  with  t"  ©  oil  fraction 
was  subjected  to  the  following  toots; 

(a)  TJenaity 

(b)  A  d?.stillaticm  to  detect  the  presence  of 
boiling,  organic  oompounda  *  A  250  ee,  distilling  flask 

fitted  %sl  tl  ar-  .  Hinds  typo  column  packed  with  a  aitihroxso 

spring  we  3  used* 

(c)  /.  quell  tail  vo  test  for  alcohols  -  a  few 

drops  of  eerie  citrate  v:as  r  liucd  a  si  all  amount  of  sarapio 

the  £  rescue©  f  alee".  -Is  ras  i:  Heated  by  a  change  of  color 
fro: a  yellow  t  •  red.  uis  tes  ca  be  used  lor  alcohols  with 
~'-:33  fan  :.v'  enri  •  ato;  s»  /.2ua  ..ydcs,  .cetanes  and  esters 
do  not  interfere  (661)* 

{<:,)  A  qua!:  :.j.vo  tost  for  aldehydes  and  ketones  - 
a  S'  all  orl  '  f  the  «u  pi;  :mi:  treated  alt".  3  oe*  of  2,4 
■Uni trojhonyl  1  ydrasAne  rcage.it,  a  osltive  test  being 
indicated  by  the  formation  of  a  precipitate  (6Gh)  • 

A  material  balance  was  carried  oat  on  1  ho  Co-ffihOp 
catalyst  number  three*  A  sa pie  calculation  is  shown  in 
Appendix  A* 


i&ring  tbe  ;s*«HKmfi  lnvestl£atlQas  ten  eotoX^sto 

m  tested  t 

SVaO'KMppfiP  i 
ivotteoppr  >.-8 
Pur©  iron  •.  5 

<-.<&Gltel$10S»iQf»?SieaQl  Ul2S»  1 
LOboltw  Dial’S.. a»  slosoloute  2 

\ 

;Obsii«*ci  or i qp»l  iossl&iSx*  iB 
obaltetboFla  Cl  or© hm} 

9©teal  tetfoorl  GMsagoosi s»i  i losolgutsp  {b#8*I5uy©0s  of 

■  'Sms) 

<  obnli^. '^;Cff»0©»ri©ool-'^slir 
1  Giro  1-  -  #  aaooo  I;  - '  g  03 ,1 
Q©b  ootol^st  vmo  £$v©»  o  separate  sorie©  of 
test©*  r'!s©  taro© -mat  of  sqci>  ©otedLyet  ami  tb©  result© 
thereby  obtained  are  ©trmsrieod  in  tabular  fom*  tin©  figures 
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presented  I  joins  an  a^orno©  for  oaeb  run*  A  discussion  of 
oocii  oalcdyst  folium  t?i©  tabulated  rosulte* 

■To  synthesis  @*e  weed  throughout  tbos©  teste 
oantalnod  over  9b*  carbon  Donasicio  and  hyds?o®m  with  cm 
average  UglOO  ratio  of  8*9  )il*  A  sensitise  toot  (49}  stiiSh 
would  do  toot  bylragea  ml  •  tiide  L  aono©RteQfi£ons  of  0*1  parte 
per  trillion  i7H9  carried  ©lit  on  a  sample  of  this  cine  soft  q 
negative  result  oqo  obtained* 

rfho  tm In  object:! vo  in  tbo  estaiyet  tooting  ©a© 
to  obtain  yields  of  liquid  hy^ooorfeons*  aeeendepy 
oephoedo  being  ploood  on  CDs  ty  o  of  pnedeet  obtained*  tens 
tens  toot  a  to  determine  tbs  ultinate  life  of  any  ©otolyot 
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•  vHo  ©steal  2®  fc  ©os  «b©  fts*st  to  b©  tests©  to/  th© 
author©*  God  was  usofl  by  t?j©r  j^riawHy  to  tsooot so.cwpo 
fa  lUf£»  wit-  o  uvmai  ,;  ax»oo©#'jro»  and  wttb  tfe©  lo^tedi 
©olio©*’  •:  --.r  et  mflMMJPy  *  a  a»  er-ao,  to©  It  fonoa*  ion  obird  tod 
on  tfoo  poFf <m  one©  of  tl-  i©  oatai^et  is  not  a®  aaeqpiote  m 
t.?;Qt  obtains©  \.  ©ubsoq*  on-o  ex-  ©th©f»  ©»tel|®t®. 
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ti or  ji  for  t  '-to  QVar  oo^al'/'ot©  touted.  i'x-  result©  obta'V.od 
qr»o  bi»3  ■  rrleod  far  andh  oar  or '  •  ant©!  run  rrsafla.  f  nm  vaa 
nao  cor.aidarocS  oonpXotod  ©Wf  tflne  ttio  unit  ns©  ©hat  dawn 
onft  XI  Quid  h^fl**oa«rlxmo  u©r®  .dr an©  off  •  r-h©  nunbor  of  hour© 
of  V  o  run  ton  rafem  or  1;;  to  toe  oot ua&  lancth  of  tf  o 
©j/nthoolo  f:®©  oo©  poulard  ©vor  too  ©ataXy® t  •  daring  till©  por&oC 
ti©  torro  Oo8f»lMj3e  tho  ebrtrolocioal  troatrmt 


ot  the  oetSlistf  in  '  refer  to  the  a  tandem.  geoesftiMe 

wrloh  vr(Vi)  two:..  avsA  '-.Lof  d;  ■  -.♦■■.-v  r»  action*  "  ©  tarfKr* 

‘  ■'■'■$  ,:  ■'  ,  viu  ,  ;o  :> 

fe  jjL  '  I 

Siiiav  t  •©  •••’  ••  rm  e*  /•  ’i»dr  •  f"  •  r  <n  far-  thut  :tm#  Tb 
GO'-^al,  during  the  ©mars®  of  the  toot*  th»  data  varied  tn  a 
fairly  -In.*  Tyg  no  ">a©  lining, 

^en  starting  a  erotica  after  a  roip.il as*  ©‘.life* 

3?.  esso  a  err  ?>?  ex  ?w<©a  vdtfc  the  operating  ©©-"per* 
ofctir©  toolow  the  rtizwal  **:  or  t*xo  ®  ^ithoeie  mm  initially 
crstorod#  •“  hie  r..j»oeedar©  was  ode;  lad  fee*  j  revest  ms  eseeaeive 
r!ao  in  toTperatoure  due  to  the  initial  liberation  of  heat  of 
reraetd-.'su  fl  q  catalyst  to  perafc-jre  mi  thea  brought  to  aerial 
o:  ••*''?*© '.‘rf?  low*  •  ’.; :  o  a  tart  v:  '  ••?  .•erotvwie  and  the  oorroi* 
jMQttiig  contraction®  are  ole©  given  In  Table  9 

r'  otoiop  9  rod  !  •  r*  ©?;  re®:-  ••eat?  voir  the  average 
anal^ooa  of  the  reetdua  gat  W-  **<?  obaas^od  hydrocarbon 
yield©  for  one?*  run*  *“*•©  ra^rtty  of  the  cartoon  diessMe 
prtiihuscd  00©  re  >voa  5n  ©vof  •'«  rer'  •  '.  am  prl  r  l;a  gae  Of.  ■>!« 

1  eg*  and  therefore  only  a  all  a?  >!o«nta  appear  in  the  go© 
gM&yeoo*  The  percent  carver© ion  to  ©olid  end  liquid  hydro* 
cartoon©  is  baaed  on  the  theoretical  yield  of  209  gyose  par 
c'vlc  jvotor  fcr  a  eyntheeia  r  ao  T  wing  ©  'ig*90-  ratio  of  til* 
/ilfS'ioagh  relatively  Mgfc  oontraotfcr.*  wore 
ctotaS:  od  oith  tMa  eatalyet  goring  *aoefc  of  the  03P  heora  ©f 
operation*  ..’iolds  more  untat-'i  of  eatery#  Vt  o  ays&thaala  gss© 
uood  imd  a  hydrogel  to  cartoon  itvMunB&da  retie  cf  0*1  rather 
t!  m  the  eptirurn.  1*1  ratio  roqnirod  for  this  tyro  of  catdyoi  « 
'rvj  over  aU^adonce  of  hystres®*!  protoe* Ay  serve®  only  «c  a 
diluanst*  once  a  TO-  coRtrect3.cn  *mlng  0*1  ayatheaia  gas 
h  • : .  on :  ?  'O  a  ©a  'o  >icitotiv;  ‘  ■  *:  ? re-  iot*  :;r;® 


It  will,  t; m  noted  that  tn©  m  >  iti  of  i;mm 

or*  ".  :?r.  o-',V  :G  1  I::.  (Mi  fro  '  r*.’:  Vi  ■ i :  :p 

t*L-£01Wttttre8  W®*®  *»«£©©&,  ©(3  did  tr©  t  OX  tit  ©f  li#tt  tlcpid 

ftfdPWaflWfeoiai  forced. 

X;t  of^p&ars  ti  at  oo  012  -at-  large*  mmmt®  of 
carter  1'o^dre  w.  .rc  ;  red  He  f>sgd®  wsrwwafc#  :t  !i 
pcoathl®  '..'-at  f  o  wator  ;  >a  c  t  ;  tght  haws  sHKwrrod  to 
son®  tttor.t9  w  dor  wo  ir  ewrsw  0  ©etftxm  rtonoxsida  nd 

MBMMlVO  tt";OuXifc®  j£  CJ;  ^C;  ;o,„  «:  OWbOB  tiitttlde#  d  hi® 

f  ip* :oai  i-i  or  its  ©c  orkxi  i  •  t .  t  «  eta  in  st&o®  0  wed  10* 

although  this  cataX^i  m  given  only  a  short 
rodue'  ion  at  low  epneo  voXooftf.©®#  it  «pp®sr®  to  bo  ao  aatiwo 
go  ottos*  iron  eotol;?svwh5e"  wor®  nor®  fully  reduced# 

Aeoordtng  to  latest  worts  (•'  -#  no  gpoeidi  eignifiooBCO  1® 
attached  to  tho  formation  of  a  certain  amount  of  water  cluing 

s 

the  F&a® iher»frop®cti  lynthwli  using  iron  catalysts* 

In  oonolusion#  it  wo  id  appear  that  this 
I  roporoti!  on  woo  -to  ©o :..  tetive  coo  catalyst  too  tod#  ■  door* 
cor®  atrsnuou®  rocl^ctir-  t  mf  -©ra  ®os®£ni  operating  oantsol# 

Ltn-ry  1  if  rowod  >«rfor  (>...oo  .  1  ;•  t  .  a  mpootad# 

InogMforrJor  dcr-olyot  ;:2 

lour oo  -  >roporod  by  f'*©  authors  using  th© 
bureau  of  Mias®  pr©o®der« 
v eight  used  -  0*5 #0  re:  o* 
fine®  th®  yield®  dhtohnod  with  antlsr  iron* 
copper  catalyst  (  » 2  )  wore  not  high*  it  was  dsoidsd  to  proper© 
and  loot  a  other  catalyst  of  tt  o  aura  ®OEnpo®itian#  :*.t  wo® 
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Initially  a  long  roduatios  «ss  given  to  tMs 
©atalysi*  .-o  aufooeqr.Miit  roduottono  vmvo  n 006  d*a*ijc  fti© 

070  ho^ps  of  synfc-eaia  gas  flaw* 

Figure  10  the®*  trio  -  lot  of  bias’s  of  eyntfeooifli 


nos  flo»  veraua  ;3©^eenfc  00:  -ifapaofcl'sa  fhs*  mm  :  1  and  0*  Cite 
Cr.lPVOO  f»»0  of  t/:.0  8«9©  '  'OBftWl  O'  O'  jo*  differing  In  tho  C,Q£pOO 
of  the  erotrootion*  it  woo  noticed,  trot  the  ©urvee  fop  rtsa 
nus'ere  3,  4  end  6  If  ■  lo'-tod  ea  Id  t  avo  closely  oopcillelod 
nyn  8  esoipt  fur  Vv»  early  •  ova**  o  ejnt'eelG  goa  flow* 
reUtlvtlx  si gto  oontmotitm  r*eo  t  eor-  iseiiitelnod  threug^icmt 
vdtheut  ppoduol.-G  \1£S  yield®  of  8  )154  or  liquid  hjpSreearbacio  • 
ili*  TjeMltdlitp  if  the  water  gaa  oblft  motion 
having  u*  :ea  loo®  to  i  rodsee  tie  Lig* .  yiotde  of  oortas 
di©3dde  did  ‘-ydrogon  can  not  to  discarded* 

‘©ward©  the  end  of  the  -run  1  it  oeo  eooldod  to 
operate  c.t  a  te.-  iwareture  of  880^  *  to  etfe®  pt  to  increase  lio 
ooUvlty  of  f"  ©  catalyst.  ';  >4o  incmnae  of  $P  atm  ttno 
normal  o  orotinq  to^porotupo  did  r»t  ra»ortuee  to©  desired 
roo  it  In  my  of  t!»  four  rune  atop©  41  wm  e  leyod*  It 


HOURS  OP  SYNTHESIS  GAS  FLOW 
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%$m  ffr  mi  dseli  ®d  to  o^sra  o  ;  ©  .ill  ;  lo  *' r  tenses?  sts  ro» 

At  fc.-o  g.;,ci  ot  run  .  o  a  ^ava^e  or  EVE’?  ®«8  fcaii-g  mr,iXyj&:9 
\r  ia,  ;.c  2£P  movm  ;-o  s^^tnio^acl  ^israfci,  g 

.Tc&j  t:  %&  estol^rat  CO) « 

;h®  effests  €  inopoaooA  tw-'jporsturs  sro 
&.„om  in  titles  i£  «4  13*  n©  jt&Ma  ot  mdlM  md  liquid 
:: ij^rosortxeis m  -oi •• or?  ©  'ill  »;  '  ...o  rloles  o'  oort&n  diaadds 
b»C  MMMtivt*  £bs  avorsg©  s&suLjmi  of  fch®  s»©sida©  gc& 
t$  ®  ram  sl-«m  a  hyitiragan  ooutanfe  shots  £h®  average  © 
rol&tlvul;?  sr'uli  Of ix*'i  v \t: >■**£'  .o  iVoo  e;iov'i*  "1  18  is  os.  ijer.  sill  y 

tros  flaw?  run  ro*  h©  #thar-s  ppodijsttosi  baa  bssn  incretasod 
about  throo  fold  with  this  130°  i&GEa®as®  in  operating 
to  pspsturo* 

.110  foot  that  a  S%)100  sgnthoste  gaa  was  used 

instsnd  of  Shs  liigslGO  gas  rooo.  usndsd  for  such  sstslysts* 

>j  y  ,.b  i  » JG  vr,  *  5  j  .'  '  , .  !  '  -  •  ••  i  Ot  * 

ovorsgs  Tiold  of  pro dust  for  ths  5  runs  ??aa  14*00  grsen  pop 
©--bio  r  jo  tor  with  a  nostea  ;/iohd  of  OfJ#C>X  '?sa  P®**  outco 

us  tor  oS  ©yathoax©  i*aa* 

^golo  tii©  catalyst  hm  not  attained  o^octod 
;/icltf©  CC).  r stations  i«ve  ooourred  ri^  nrsduss  mainly 
sarbm  diosido  and  oomo  gaseous  h^flreMMrtoons  ®i#'*  s^oll 

coounts  of  ©olid  and  liquid  hydrocarbons#  It  nsy  bo  that  tiho 
voa?,;  o5too9©:iv©  amount®  of  hydpsgsn  3n  a  St&sld^  9|Btb0®l8 
rno  is  oro  4s  tridental  Uisn  vm  at  first  fc  ought# 
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e 

no 

^ong  reduction 

0oni£tloiil&6 

sio-eoo 

20*44 

Operation 

& 

12© 
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18-as 
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6-ID 
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Operation 
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wQ 
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3 
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C*10 

. 

V  .90 

14.10 

4  .00 

0.10 

© 

0.43 

GO  .08 

se-.ai 

6  .83 

1  .39 
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c  a® 
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xs.se 
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trace 

trace 

84.00  S3  .40* 

2 

3.® :' 

2.64 

4.94 

4»'«Q0  2S  .90 

e.2 

3 

.  1.4P 

»4 

* 

rt 

2.71 

t  ;a.so 

2.3 

4 

8.90 

1*89 

4.19 

„  ;  ,8l  Si.'  > 

♦0 

*  TMfi  9SMM  acwunt  of  water  partly  apiece  from  th® 

^  o:-'  "  ,;j  v.-’-O  »*«•  •%'  TDt  » 

fd  800081  on 


It  em  be  noted  In  rnm  #1  ( table  3,4)  that 


r  v'lY1.*::".  t q  '#6a  o:>  lo'-.*0  <rv.  a  '-or  ’oretr-ra  of  f-K;3^  •  end 

t  -  .  o  o  :•■'  •  -  -  :o  er*V:.-*=o  ./ ■  ■  ■  c  ;  ' "•  '  1  n.  f  3.°  * 

The  Chart  reduction  resulted  In  w©ry  tew  eontraoti  one  end 
at  the  start  of  run  #8  the  eaialfat  tree  given  a  long 
rod: eh? on*  e. v  Jo  proood.ir©  roe  3. ted  tn  Increased  contpnotiocio 


tiraufjhout  tr*>  ro  doing  operating  period© «  f-»  cat c2 yet  was 


operated  for  a  total  of  417  hours. 

In  oil  pane  hut  X  e?¥%s3  dloi&de  ©as  the  min 
ntffl  product}  'OwfiVGP  eonsifoy  ^'bX©  snounts  of  water 
mm  also  produced.  The  feet  that  a  eynthesie  gee  of  eorc*oeh 
tic®  ••  otC©  Stl  was  used  for  test!  if,  this  catalyst.  tf  oroae 
a  opntv:oale  gas  oontalning  &  ratio  of  HgfOO  «  Isl  is  v<:;  ^ 
o?fir.tao  for  svef  3  0Q?*&7Ct#  prcbrXy  ?>of  a  boar^nf  on  tfo 
er.nll  yields  of  liquid  ftyfroearbane  obtained. 

Since  this  synthesis  goa  had  a  figb  hylrocen 
ooatent  it  would  poeeifely  preset©  a  reaction  each  a©  * 


CO  *  3  p  «  Cile  4  i  ;  SO 


r> " -s  - 


dlQ  s;  position  t&'hsmm  ou t  sa  ow  .x  :  fra:.  tl»  data  in 
table  16  f«r  run  #1  it  is  ouaarvod  that  €»4^  a  traae  ©f 

•.:  =  i;  x  v;  x  i-  -  ..vixl  -X 

c&cysod  a  ■  ■■..  mm  e  of  14 #1  i»araent*  The 

i 

of  wet;-.***  «4tf  -Lr  ea -.clytt  1«  alto  slgaifloahi 
fra :  ad'.-8  :d^i6i.:-  of  .!  •  c£;©ve  aquation* 

o  f  o  v.»  :  ,_•  x-:j  x,  X,';  .  o  ox;,  xT  :x  :  •,.  :  .c  - 

uxx^o;/  rti*:  t.  £i  giefcui  obtn  u  earo  us«.t  too  lot?*  Stf£ce,er.s£ 
r.«  satisfactory  results  ;:.wWUy  oould  bo  obtained  if 
a  synthesis  got  of  byiregan  to  omftxm  ratio  of  Xtl 

wore  ueed* 


■  oupm  -  -xo;  a-  m.  c  .  J  ©  ■  of  <,!'■  ©*»ta 

by  the  authors 

tolfpit  ttfuid  -  8B*G  •rant* 


Vhia  oatalyet  wsa  Lb©  eeoond  cabal  &*thaK*ls 
cnfeoijBt  ^roperod  by  too  out*  •  ur*©  *  "‘  lis  |wpas*«fc’flo  was 
eeturately  eon  trolled  In  the  proel; i&etion  and  drying  steps* 
The  treat;  m-t*  ylolde  and  other  da  to  oancenting 

this  oatalyat  ara  presented  In  thi  folboelng  tables* 
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ISO 
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370 

Condi  fci  or*ixtg 

X47-X96 

23-44 

Opamtlon 

X98-1W 

41*07 

2 
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Operation 

X9t-13B 

4-  W 03 

<0®  tsn£»#&at. 

m,o 

operation 

121 -VJj 

01—50 

im 

91 

3 

72 

i/oag  radiation 

3}’G 

• 

Conditioning 

It  *193 

20—00 

Operation 

xx;~;x)o 

30—3*5 

4 

IQS  .3 

Aja  to?p.  act* 

200 

Operation 

102-200 

72-42 

102 

72 

5 

99.3 

tow  to -p.  list. 

210 

Operation 

xos-eoo 

7J-S0 

169 

GS 

G 

28 

tea?  ter  *  cot. 

210 

Operation 

10-001 

80— 67 

105 

53 

-:,n  o. 

..aatia 

.asides  ;n^  '*„aim2n  -  -;n 

»ltg3S.,i 

Average 

(  as  ten 

qysls  -  Vca^as  jj 

TTdp  "”  ‘ 

"'  w 

06 

«HMto 

OH4 

aw.  . 

X 

0*12 

69  *0 

eo.o 

8.05 

2.1S 

4.00 

0 

O#0O 

04*7 

2: ♦ 

s 

0*17 

50.9 

2C.7 

« to 

■—10.00— 

«» <*«»«»«» 

4 

9.00 

49.3 

20,5 

14.81 

2.70 

4  .on 

0 

0,00 

•  ’ 

06  .7 

X9.1S 

0.00 

4.14 
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rs  j 

S  4  • 

9*09 

11  *31 

X'VW 

35*9 

31.4 

tr> 

1*53 

91  *<T 

93*13 

r* 

•*« 

*?  V 

11*1 

s 

0*93 

ap*oo 

43*03 

0*39 

Mr-,0 

9  _.  *i ; 

/I 

*39 

7  *^3 

40*90 

54*03 

*  T* 

19  , 

96*0 

a 

6*  9 

53*10 

39*99 

190.9 

10*9 

a 

10*09  . 

as  *oo 

33*09 

96*63 

104.3 

53  *1. 

.  -  «w 

The  c»at  laprtaat  result  oi  talnad  dsvisg  the 
toots  on  this  catalyst  eon  bost  b€>  observed  frets  the  dot© 
given  In  Tatis  19*  Tbs  catalyst  woo  given  the  standard  si  -apt 
rodreti  on  at  a  low  specs  velocity  *  «*»3  after  two  eea&e 
operation  gave  only  a  . all  yields*  A  long  reduction  vas  thsca 
given  tho  catalyst,  using  tbs  procedure  dssarlbsd  MiUst* 

A  definite  increase  in  yields  was  obtained  In  dll  oabssQuont 
nriO  s&tfoeut  any  te^o  being  pads  Xr*  Che  operating  teefcai^so 
Tliua  it  could  appear  tint  the  l ureeu  of  lines  procedure  dees 
tjot  reduce  t?  is  part  solar  catalyst  a  ..Tie  lastly  to  inmsre 
nasdutaa  activity* 

Tbe  ti  e~oonfcractioa  curves  C  ‘i.^iro  XI)'  bbo© 
the  behavior  of  this  catalyst  after  the  long  redaction* 

o  oujadltieolng  eurvo  Is  typical  of  a  fairly  estiva  catalyst 
'•.  t!  o  initial  operating  sriod  o  >n.tractior-s  dropped  off 
ra  Idly,  but  after  an  activation  a  rare  gradual  decrease  in 
contraction  oca  obtained  in  run  #4  end  In  subsequent  ivino* 


NOLLOEHLNOO  % 
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vr,«t  %m&  reduction  aid  not  rcs.lt  In  mi 
significant  increase  in  or  gaseous  hydr#e«ti%eai  / 

.;-*x,aa9  it  is  possible  t  a:-  the  catalyst  in  a 
per  vj  ally  ;.'ij*.v^  iVrr  .^1%  to  eetdlyso  ilia  fornatied 

W'  '  Ot*  *'  C*  •  -  n9  <  t  ....:•■_  ..C-iOO  O  :"-  a  ‘  •  Out 

of  ^.tlvu  liters  oo  -  t  t:  ©  pruduetiea  of  large 

a  viate  of  higher  hi^v  e-n'-mt* 

9  wta&xam  yield  of  6&*0g  grans  par  eu*gi#  from  ■ 
this  catalyst  was  ohtol nod  c-oru  ^  a  short  run  after  on. 

s 

,  „  .  v  *  '  ..  ,  ••■  *•...  \  ■■■  ;.*i  ■  ;•  ;  '  ...  %?an  u.  a  .  « 

The  product  obtained  contained  a  large  percent* 
coo  of  wastes  eral  hw-vy  oils*  !  "•  b  ‘--ins  prdbdhly  ftuo  to  e 
sillily  higher  can*  out  of  alkali  in  tfm  osteins t  thus  $ns 
dcslreUe  for  the  r*»  eduction  of  gasoline  range  h  arbo&g# 
ring  the  preraraticn  of  ths  a  csr  -ilyst  it  was  frcsad  necessary 
to  mints! n  m  ^.mss  of  electrolyte  end  thus  nor©  of  the 
< V. !'  all  f  9  ’Top:-j;;t  fa  •  ~ !  ou  :  x.iei  t  fji  t»Re  -",es5ra^.o« 

Jfc  was  found  b  other  wartors  (78)  Ust  excess  alkali  css.: sod 
„ 'dffly-TiEefciQa  of  thcfCi’o*  iron  s  on  the  catalyst  surface 
to  proceed  to  a  greater  extent,  loue  producing  larger  anodic 
©f  heavy  waxes*  The  f  erection  of  thSr  heary  cox  was  very 
probably  •  contributing  fester  to  the  relatively  rapid  decline 
in  catalyst  activity* 

In  view  of  the  o  all  amount  of  catalyst  used, 
sad  taking  into  account  the  cs&oesstvc  sax  fawatloni  this 
catalyst  c^.r. eared  to  have  a  g  od;  aotirit. *  Loaeeer*  < 
yields  obtained  still  fell  considerably  short  of  thecejobtaiiiod 
t,:  other  wor iters  using  ainilsr  catalysts#  it  1©  possible  that 


* 


«  H  ID  « 

if  a  ov .  '..m2  bom  wad  tv.-ltiailf,  a  tjotfc ss» 

gerfejK  mm  nlcpit  b&m  mwaktod* 

,o,r.#igy» . li 

ou^o©  o  *-o.  oxk;:  fit  t.-  o  oiTe^oit:-?  of  f&feorfcc:  £y 
i\m  C*  u&oo  (30ft)  tWNBiag  ;  tmi  of  toao 

I  jpoeoto©* 

'  O'  ljll  UOOQ  •  40*0  ;  fC .'«o 

VMa  oatal^ot  Me©  0@@a  oovioittily  ioniocl  112)  md 
a  eoooj^t  toot  sjqq  qq?p  cnI  out  to  oonfilois  ®r  iia^soWi  tspen 

aorliar  yield* • 

?  eShtos  mrfcser  0D#  81  ml  80  ©wnaH.se  t?  ;©  e;trt® 

obtained  in  tie  oodonA  tost* 

to  :o£.>?  o«?  staler. 
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i*Op  .  t  * 
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oont « 
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Operation 
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ns 
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Operation 
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s 
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4-9B 
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Operation 

mo-199 
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& 

07 
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SCff 

Operatlo « 

lOfiML'JO 

es-eo 
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0 

01 

O©  to:  •  eet* 

813 

Operation 

100-199 

87-79 

150  9,0 

1 

o,  r 

68.11 

1 .  4  J 

1.68 

1.70 

0.00 

0  lot  >.0.00 

60.41 

S0«n 

1.33 

3.00 

4.<B 

It  id  O  *9.09 

09.08 

30.00 

2  .11 

0.75 

4.70 

9 

o  data 

« 

tv 

4 

0*18 

40.68 

10.  o 

.  16  *09 

0.00 

10  <03 

3 

0«1& 

44.83 

e4#»o 

10.90 

3.C7 

n*oi 

G 

no  data 

Lflfela. 

-•ioVTo  “  oA.1  »  .Og  r:Jta  .oo :  o  fi as  loo 

l.un 

Vie Ido  - 

■  COQVQf*0iOR 

o» 

(motion 

o<W7 

5 .  aSs 

F^Scf 

>0  Go  :• 5 .  .  '  ' . 

IVfJOt  -51 

Gosrfl. 

1 

S.OE 

7.00 

10.  OP 

©.97 

4G.G 

0.1 

8 

3.94 

18.00 

20.04 

1C. GO 

06  .2 

10.9 

3 

11.00 

16.78 

27.78 

7.03 

-  0.0 

13.8 

4 

14.40 

SC.  GO 

CVJ8 

14.98  140.0 

08.8 

0 

0.G0 

38.43 

42.13 

10.71 

107.  1 

80.8 

G 

17.70 

00.00 

116.30 

02.33  883.8 

53.7 

I  Wing  ti  total  of  OS'"  tnm  of  e^nfchofl^o  goo 
flow  ttle  e&tel^it  woo  glvoci  a  abort  podtaotion.  a  long 
twN?  'atlan  and  four  low  to- *.  jopoIuto  oot  ■  vatto:«. 

7bo  faw  *:'oia»  roduotio©  ini t  loll  r  given  to  tha 
ootolTo  rost&tad  tr*  low  ooratmatlona  for  t  o  oondlt*  oning 


m 

ti'O  V:&oa  perdu*?*  -lei  ?<  llaued*  turn®  the 

Ctt*teK3  $iold  908  '  :  2F#?5  '  -■  3  >P  ©  .  ;  0  u  .  .  ,  ; 

tGolCoti  t’set;  aneC-ior  reduotl  •.:-.  uetnc  a  1  anger  pea? dod  ©S’  tl  © 
was  ooeoo eery  to  U©  certain  that  ©  largo?  portion  of*  the 
©:  16®  Goa  renaved  fros  t?-o  eo talcs t. 

The  roduefcfon  appeors  to 

CO-  Civ.  o  In  /..a'.r.o?*  •"  *  o  o:  :p:e  ‘  -’'  O  «\t»*  :J  o  :d " 

1e&  re**  raised  e&Mrtdorably*  In  the  three  ©;  era-  io  .ol 

r.os*iotl©  &  Seh  followed,  i;  ©  eo  ferae  ;deae  end  s&elciQ  were 
uoh  :.  :\;n  •  •  o  ■  -/>  ■ ,  n  v-/  *  . .  „  ■  .  * 

grace  par  outdo  rotor  of  eynt&eeie  &aa  is  espial  i@d  by  ft:© 

O'  OPtfGOO  of  tbO  1%0|  w:  ids  followed  q  low  to  ;x>rat?up© 
aetivotlo?.'*  fee  §a:-e  :ay  bo  eaicl  for  the  jioldo  of  carton 
dlaiAde  and  eater* 

.In  Figaro  12,  tine  in  tempo  of  eyrstheaia  gee 
floe  he©  bean  lotted  agalnet  percent  oantreotl  on  for  three 
rune*  The  curve  for  t*  ©  oondlc lordnc  So  tin©  type  sfcieh  would 
bo  OK' ©ated  •  increasing  ©::•?:  .traction  ea  fct»  to  ©rat -re  is 

ref  aod  1  ' r  c.l  on  e  .:•  o  en  n-  c:  :?  non^  od*  no 

M  Is  the  neet  successful  of  t  ©  tee  nma  */  Seh  followed  the 
conditioning*  A  slower  raft©  of  deell  om  of  contraction  is 
oPo®.  1 1  the  graph*  This  da  rofoafcly  duo  to  tt»  amount  of 
revivification  given  by  the  lev  ta&parafture  activation  *  the 
:  ©©©floor;/  oonditlora  to  obtain*  the  activity  still 

ra  c&ning  ofoaoure* 

Operating  teaperaturee  range  frees  ISO©  to  00Q°-.  » 

Tbie  latter  to  i  erasure  oorrooiende  t*  t -  o  .;  asicRaa  roeernandod 
the  c  .  spoon  of  ninoa  shea  uoitsg  this  catalyst  •  i  tarts  rg 
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im  - 


tess?aratui»es  to  lsrv%# 

li  II  ifcOMI  tfe®  «9e*«ge  ©OS^OeXtion  Of  til© 

reeiciue  goa*  •  ’  1  •  hp&regen  m&  eorfeon  no^do®  mnimtm 

decline  vn  tt-o  jieXd©  of  coW?*  Xiq^-ic  end  '.;aeeaoe  feparci* 

O'*.  •:  O  .  0'  (.  ,  *  0-  :■-::  v.  ,  ;.  .:  ,  •.'* 

r-Ml«  tfvie  octal  ;?©t  &o  not  tlh&m  the  mi&Vltf 
#;ioh  tT‘»  ;w»a^  of  tno©  i'lltanatiott  CO)  would  indicate  5  the 
T/lolde  obtained  and  fc?©  Initial  ©a.  .tototlor.o  a?© 
©neowracing  fnetcra*  .©ro  rigid  eaitrol  in  the  eatalpet 
pupfitlon,  Haag  with  ieg«evaraQata  Ssi  operating 

:  re:':'.5 : o,  ;  >  -  on  .  n"  7  ;  r. 

catalyst. 

Sou roe  •  prepared  at  the  laiverait^  of  AU«pU 
by  the  tithors  . 

eight  used  -  4'  #9  gmsa* 

;  hie  was  tiie  first  oobait^thoFla  oatalyct  nod© 

*  ;,  :•"  J  •■  •  *  *0,  :-•  ..<.'  ?  o.  o:  .  ■  u  '  0  or  '  o  *  no  ul  7 

pant  poll  ml  as  in  the  ease  o t  the  sflbslt»t  (a*it^iss«l@Jhr 

catalyst  #1* 

The  following  tabulation®  auamopi a©  the  data 
obtained  duping  the  tooting  of  tMa  ©atalyefc. 
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Operation 
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8 
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Operation 
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ao 

0 

00.0 
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Operation 
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40 
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sn 
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4.00 
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Mo  data 
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80.70 

31.10 

n.54 

3.6D 

e.os 
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0.04 

80.30 

€8.08 

9.  >3 

e.03 

S.00 
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0.06 
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31.10 

•.43 

2 

.49 

*»  xoz  » 


- 


b 


1 

n*4 o 

05*00 

£7*05 

16*87 

111*5 

17  *0 

B 

13*08 

04*60 

77.1  JB 

1 3 . 80 

0 

194*0 

3"  .4 

3 

10*70 

40*00 

SD.70 

i  ‘  - 

185*0 

&f ' . ;  s' 

4 

7  #00 

85. 80 

35.70 

H*dU 

104*7 

2 

G 

6*35 

30.00 

40*15 

15*07 

mi  *9 

80*8 

0 

5*64 

30*60 

5S  .34 

17*80 

104.3 

1?*C 

•"be  lo®  .yield  obtained  fas?  pub  <  4  la  it:  osw^ 


eisac©  ttso  ;n©  loaka  woro  fouad  in  tbe  ee&eeptop  <to»4og- 


O;  vt5C,4  *  >  >  ;•  :•  C  rtller  -  C.^:,  '  Ct'.' <:>  (\  ;  , 

t;:at  ©alouloted  had  actually  been  .©sood  over  t  "O  ©atalyst* 
If  ooletiiaUais  wro  baaed  ota  fbla  o  *alles*  amount  it  u-o-ld. 


fcav©  t?ao  effect  of  inoreeaiet:  t?  ©  /ioldo  to  a  gpoQCop  value 

pop  unit  of  synthesis  gas* 


■tttnMyupi 

This  ©otalysfc  eas  given  on  initial  iot.g  pstfuotian* 
aot?  woo  aoaditlo;^d  In  ti*  xnad  umnar*  synthesis  goo  ea© 
posood  over  th©  catal yet  fo®»  r.  total  of  493  !iou?©  and  dur*i.'.g 
•  ■  C  .  c  i  .:  ■'"•;  V  "vn  :•  -c  ec.  '!'•'?:•  :  •.  t  v;  c  '  ■  * 

Tbl®  cutely at  did  tot  sathltott  any  op'-gcI  activity*  r'i.o 
riQffldrx3n  yield  vaa  obta d  i&C  (  ping  a  Shsr t  pun  ir :.  edi  atdy 
fbliooirr  on  activation  Chan  era  ppeeeodSng  at  a 

roloa  Contraction®  eitfc  this  catalyst  dropped  off 
olltfitly  r  3PO  pc  >idly  than  veo  lb©  coao  foi*  the  so©  *nd  ante!  grit 
of  t'o  oq  o  composition*  tf  1  of-  bad  boat  previously  too  tod* 
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r:.'Q  C'  v  r>  mmi  deeply  >  «  ••••'•  1*300*  nepylls*'  ^  ©•OOHfS»^OtiO£l 

et3FVM  (J  IgOTtt  12)  •  O  V  V-r  .  .  -  X-  :  ■  -,  ;  tg;2»00 

eases  n  mm,  1  ■  •  i  •  ■:-  \l  < 

ranld  6©creo:iG  in  ae'  1  :lt?  ■  ~:n  :lo  :  - .  itfontiosl  rs*a&a®?a» 
ties«  ’This  vis  to  bs  si^sstsd  slms  this  ostslyst  hed  not 
toon  an  cac^of  41?  prepared* 

It  ©ill  to  no  tod  that  the  residual  gee  in  moot 
oasos  es&teined  t\  grower  ispo.  option  os?  avbon  mcooatit'o  -&..gsb 
ths  inlet  gas*  that  Is,  the  off-gas  see  hydrogen-poor,  ?tiis 

* 

in  fclis  11  jht  sad  gaseous  frastiosMU 

> 

In  the  last  Upoo  russ*  fcij$fear  operating 
tirpspstufes  vjopo  used  in  «n  at  to  ot  to  Ui^siso  the  catalyst 
activity*  .  ron  t  o  data  it  la  apparent  that  no  advantage 
®so  obtained  by  operating  at  fcar.ipcraEtwraa  above  tbo  optimal* 
that  is,  above  800°C  *  in  foot,  catalyat  activity  sad  tfews* 
fore  yields  aheeed  s  doersaas  et  the  higher  tsopar stores# 

catuMruoria  c*t*a.'jat  ( .aaaai 

Boures  -  s  c«::  oreiaX  catalyst  prepared  by  the 
i  .orshae  a  .o /deal  Ca  pony*  Mis  nettled 
of  proper  a tio  la  unknown  to  she  author®* 
'  •eight  used  •  CC#1  era  0* 

This  catalyst  hail  boon  tooted  previously  CIS)* 

Fur  tier  testing  see  o  plopod  to  oenflr  os*  in^rov©  tho  fields 

obtained  at  that  tine* 

dbios  SC*  S7  end  S'-'  of©  a  awriary  of  tha  (*®ta 

obtained  from  this  catalyst • 
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•te1  - 


:  -  uf  ■  TV 


Rt» 

0. 

x-di*.  \ffiu 

CfiO  i,o» 

At 

©ont. 
,-08G^  x, 

^fcaptieg 

f;  >  !  ".  «  4  >  :  6 

1 

VO 

•  rortoofciiHi 

me 

0©O©l  tiOiitBg 

im^im 

loss 

2 

IBS 

•'.ijw  t©-p»  oet« 

m? 

Opar&tlon 

0090 

im 

m 

8 

81 

tjom  te*f^  •  net. 

815 

Operation 

Sl-65 

%m 

4 

IS'.S 

or;  to  •  QC  » 

as 

Operation 

i-  x^eoe 

0*><  fr’—C  34 

172 

m 

119 

or?  toe  ip#  act# 

015 

Oporat  1  an(72.  s*a « ) 

llanos 

tae-as 

170 

to®  t©  p.&OX.* 

815 

©per  atl<m(4P;  a*e  • } 

108«8OO 

92—SO 

189  , 

91 

C 

BS.5 

Jo®  to  p.  act# 

814 

Operation 

196-801 

7049 

mi 

78 

dblo  S7 

aid.*jo  -;fla  AaalaBuo.  -  . -oluo... 


Run  -Jo 

• 

s 

© 

«•$ 

1 

cl 

I 

i 

Cup 

m 

at' 

1 

0#00 

0B#8O 

51.50 

4.7© 

1.31 

3.01 

8 

0.#7 

36.90 

50  .CO 

6.08 

£  .18 

5.71 

3 

0.18 

45.70 

85.90 

4.05 

7.53 

4 

0*04 

83.00 

89.65 

10  «  7 

0. 

8.  4 

5 

10.00 

co.io 

ro.oo 

18.01 

£  .70 

0.13 

*','.14 

43  #li; 

80.50 

1.0  JJJ 

e  .69 

11.71 

0 

p«ac 

»>t  E- 

„ ,,»i? 

,  ;.A . . 

-Juu2. 

X  nrot  and  onorPHi  o  jepatJnR  »«£<*. 


-  M . 


t'Wk 

“tiolf?©  «  '  2'i 

vvv/t? 

.-«/  ..*.  . z 

-  -T  J  *  $ 

-  -  r:  Wv-Vcfi' 

j  Coaveralosri 

Jl* 

;2feht 
■’■  r  30  tit  on 

.  csfj  %  otai  n.c‘;;ic 
-ptl* 

,12. 

1 

5*48 

10. sn 

02.  *00 

11*40  tt.d 

10*4 

e 

15*05 

71*60 

90*05 

~  *:G  Oir/5 

41.5 

3 

9*40 

35*60 

48*00 

5  *r/i  ir  *5 

01.6 

4 

5*13 

34*50 

43*53 

lfi-03  284,0 

00.3 

s 

0«0C> 

03*40 

40  *40 

IT  i;r  .R 

m  .* 

0 

7*59 

08.00 

40.00 

34*  33  rr  .1 

19*8 

hi©  catalyst  a&o  r-von  ar*  initial  lone  reduction 
no  subsequent  redactions#  Aftw1  the  conditioning 
.no.  a  -j.oIj  )?  2 ©*.-.»  'o  !'■«'/  •  :/"‘ ~)  oetivat -3^0  u  '*  ~  '  o 

\?cs  earned  out,  six  motivations  being  given  ctoing  tfcc  total 
mxm&lkg  t'na  of  QDC5  hOUM* 

1'icnro  14  aheco  iho  effect  of  tiso  and  t©:.psra» 
t:is»o  on  the  contractions  for  run  1,  8  and  3*  0t»  eswo 
for  tbo  eonditianing  sorlod  is  very  airllar  to  other  tiro 
contraction  curves  for  oobolt  00  alyofca.  no  aonaiaot  topper- 
oits*o  curve  far  run  fB  s'jovs  a  re  id  dren  in  eonfcraotier  dt& 
increasing  t!  e*  In  run  .  S  sn  attest  to  oer  raonoato  t>'io 
drop  t»y  rraduall?  incrooslng  tSio  temperature  reaultod  in  © 
i-xra  gradual  decrease  in  ociiitrootion©*  it  ao  ‘-Id  appear  that 
ttio  uvori^a  oontreatlon  after  a  period  of  daya  vc^ld  b© 
cor  aider  a*  ly  lower  it.  tta  caoo  of  rua  ."8  than  in  the  gwo  of 
r  :..  ;.-0#  oft- or  cacao*  oautrory  to  tMs  t r;Pcoe ■• ,  .\u 


, 
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-  160  « 

cmtractlon  values  tffcw  ***©  • '  •?/©©  dsr.-a  run  taps?©  wp^ 

eXooe  tOGot-tre*  fur  the  ♦df2"or«  Ttm  5f  the  opiMtliifi  £en:«» 

or ■.'■-.•■'■■-•  >©  va**  m  all  O©  •  -•fw  1®# 

A  rang©  of  t«s^©r«tor*©8  Amu  ITS®  So  100®e«  ha© 
toon  siS©d  >  crder  -  .a  synthesis  ,  ^  follosdnc  Q  lea  tfecxsr  o» 
tar©  motivation*  Evaa  i  S  wi  -.ore  th8  ©©taring  teinperetwr©  isor> 
l  C°  .  0  i  <w a  tetter  perforates  t  on  ran  \V,  tf*  entering 

teqperature  was  18E°C»  The  advantage*  however*  of  an taring 
at  q  relative!  /  low  Urcpersturo  and  increasing  ©da  vari  alio 
very  alow&y  may  ho  u.  own  i a  roa  - 4*  thia  preeedstre  q 

nm  of  a  5©  huivMd  ax!  twenty*.1  ;ao©  Hoar*  ra®  tiado  to  oh£e!> 
tf©  oral  vO  ;.orature  w«s  ®£3d£*  and  t he  Heal  eantreotian  was 
04  por  east*  The  ;;Iold  of*  solid  sad  liquid  hydrocarbons 
outdo  uofcer  of  synthesis  rao  for  tt^s  long  run  greater 
the©  foe*  the  ©harts?  run  #6;  and  almost  os  great  as  ®a  yield 
f  eg*  i»ua  a  jo ro  two  low  to  swoeum  aetivatioua  were  carried 
out* 

The  various  tnatsanti  carried  out  an  this 
eatalyst  failed  to  brine  the  yield  of  solid  and  liquid 
hyeroearbona  per  cubic  ’actor  of  ejn&heois  gas  Above  a  level 
of  apijraxinatoly  45  era  a  per  outdo  rioter,  unless  n  short 
<  y;  ,  f  •.  ..  .  ,•  j  •■  .  *  t  --•die  '•< 5 

that  -JL  -3  *>w*>  :■!>  yields  wars  bolrg  obtained  fro©  i  ■%&  eatalyst* 

oaovov,  this  is  difficult  to  oemtim  sines  this  larehas 
eatalyst  was  not  tnacaifaotured  ©pesiflaelly  for  the  I'lseS&o* 
Twiidi  synthesis  of  hydrocarbons,  and  no  ether  data  on  tide 
eatalyst  vsto  available  for  ©©spar Ison.  fihoold  the  yields 
frt\n  other  eatalysta  tfiidh  wore  tea  tad  unrer  similar  sandman* 
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-  l«i 


to  t  >:wad#  tm  ■  .<  sparest  eotaLb»thcrla 

moaii'j&t  :..•! glife  be  -  ,?h* 

«.*  .fiteta^JVW  r  :  v  -'a^v/st 

•-a-.^9  •  e;s»©  a*ed  i:b;  ■:  j  ,  r#  bureau  of  &nea 

ei&it  UG-J4  -  53*0  $pad®, 

Tlie  tost  on  ~da  cat &l  sat  vas  asdo  natal,/  to 

7  a-;  j  .0  .,  j  :n  .  ;  1:>.  •  ’  \)  %  at  ■  a  k!  j  /xo  ;o&* 

IS  the  ;Lol-±i  obtained  ear©  eo  /arable  to  those  stated  3/  th© 

I  -,*oo.  of  inoa  then  the  L$roeed  ro  ^o.cd  to  Justified#  ^xaop* 
net  o. 2*  waa  ti»  pedueblon  a-  ax. 41  tiding  r^oeedup©  tC  the 
catalyst  altered  ftwjs  that  sgKiaiflad  by  the  ureau  of  ises 
but  also  tha  operating  pressure  •  imi;  this  of 
teat  to  be  of  any  value,  the  catalyst  should  be  reduced  and 

0  ©0  100  :  '  .  x  , 

ioateu  again  ueitig  the  ice;^  rodaeiiea  uijd  ecaadt  blowing  U-jaC* 

I 

Tha  results  obta'  ..ad  bj  the  not!  3d  of  long 
re  due  tl  on,  conditioning  cr-d  :  ediun  ureseura  operation  are 

l  at  hi  a  tod  in  tables  .  20,  .SO  and  31  • 
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j,  .  ‘ns 
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'tut;  n*y  af  •  «•<  &2  art 


"ro'-r;.  «>.  t 


U5«5  ;*o«g  s^taofeiaa 

Oparofclon  200 

pel  * 

lam  ta.,%}*  aot. 
Operation 

i/ro  tanp*  act* 

04  #0  Operation 

at?  ••*  pp*sa* 

Operation  ® 

loo  • 


ora 

241-270 

170-190 

loo-eoo 


1.25 


828 

27u-2:  >4 
204-100 


C<*ni*  'tartisig 

rJEi*  iiUis. 

40-84 

>4-03-0© 

'15-12-03 

70-99-00  100 

SO  27©  SI 

30-70 


1 

0*19 

or  *ao 

89*43 

0.CJO 

1*71 

If  *30 

fl  0«G0 

44*30 

0*36 

SI  *20 

1*  8 

2*00 

• 

80*00 

6*6B 

12.  i?' 

14.05 

2 

0*18 

43*00 

87*20 

16.36 

6*10 

.  fi 

I  .,:rrae«ii.«*ly  aftor*  a  loo  to  wouvo  aosivafctm 


' 


1 


. 


' 


, 

1 


im  « 


.r. 

.AT.r •  *.»;  .  i 

i-".  M.il-ia  -  '‘n9«/c!*a..-  *  ->  GotnKWaic® 

,;■  •■  -  •»«-"  -  '  If—-"-" r*  ,,  rtf,  ,  . 

■■’•’iit  J7)  .Vaatj.oa  3:r:t1.  *’“* 

1  5,3.40  -14,33  33.90  09.X9  133,3'  !W.S 

11.30  33.10  44.S:  13.03  140.0  Sl.S 

ccaryay  :,j^-^^aaategawja->*»ar<w  Ac*-a -a&^s  .  .  ~  ;r  -  -^.-4jgayv>-;?.3x«^ag^-atg5S^^  ^--assasg^cgc^ 

••loappoilaa 

able  03  a*  •©  m  that-  -  -.a  catalyst  vob  $btm  the 
Icng  redustlon  a.  id  eo  •.dlti*>nii3£  1..1  t;*©  ascie  uannar  as  the 
ppgylaa  catalysts®  optratlon  «u  esrf&ed  oat  at  loo  pas.® 

It  So  interests  ,&  to  note  that  v^7  ■ . igh  contractions  (04^) 
;*as»©  obtained  during  Uio  oond*  tic®'  rsg  (m  1,  table  SO)  and 
that  a®  eaon  as  pressure  «as  a; veiled  these  cor  traction© 
rapidly  dropped  to  80>«  ills  Is  8  soon  very  clearly  by  f/  e 
senditlcnlng  and  enar-atlon  carves  (rigors  13) •  rhe  terperia^ 
tr.ro  -flaa  raised  fawn  17O-X00OC®  at  this  time  and  aantraetions 
rose  fra  00; '.  to  00$.  'Tic  terparature  sas  raised  to  0QQ®C® 
in  on  affox*t  to  r:  attain  this  esuU»(*otio&  but  It  flopped  to 
flu,  9  oubooquo^tl/  rising  to  OOJ6.  71m®  a  1 ow  teisporature 
activation  wqg  giver  tho  catalyst  end  the  oootraotiana  rose 
to  al.  oat  DO,*,  but  dropped  to  d9;i  In  a  rolativaly  abort  tiro. 
It  \imo  concluded  that  tho  oatalynt  could  not  bo  operated 
aul tal  ly  at  100  pal®,  and  lumas  run  #0  (table  89}  «es  initially 
o  irriod  out  at  atr&e;  boric  preooure.  way  aery  low  contrac¬ 
tions  core  obtained  (3050  and  tl  or©  woo  a  oo;  alterable 
proacuro  drop  aorooo  tho  converter®  ?.Ql;ing$  flow  eont  ol 
difficult®  2t  was  found  neoeeeary  to  car  one©  o  ©ration  at 
100  pal®  to  overoaaa  this  preasure  drop®  Contractions  t:  an 
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$r-G3Q  to  '.-jo  c utSXys'  ..  olio  8  ita-  ?o-  -oM  fpoo  the 

©o;;.v©rter  found  •.■.:•)  ••©  Vr  a-  demi ,  probably  a©  s 
X'OSJlt  --rOSSure  :.y  nvnt\  !  ho  oatg&ggt  M&B  tested  fttf1  a 

t 

total  of  190  hour©  4©M  ;  ifeilt  1$  :-e  tbs  eatauL|Bt  sss  .  v.  ./on 

a  long  ro&ioiicm  and  two  im  estivations# 

UX)Cl£da?':t:g  U.g  <*.'*!&  bhiaus  isvisr  fft&Sh  the 
catalyst  was  operated,  the  yield  •  J  of  liquid 

hydruoo^t uus  XiP  cable  i.:3top  of  .'ruu&ais  t;as  {ran  t2f  table 
51)  oiu  reasonable.  If  an  ug.  osx&orio  pressure  lest  ou  tills 
alyat  gave  oo.  parable  results  to  oiaed  -lie 

bureau  of  dluos,  it  would  oonflna  the  redaction  is’oeetos 
a£  operational  teatgiique  usod  Xr.  most  of  the  other  catalyst 
toot©* 

Xn  run  i  1  { table  SO)  the  residue  goo  analysis 
l&nedlatel;/  after  u;e  low  to.^poraturs  activation  is  of 
oxeitiapatlo  interest#  5h©  goo  oontsins  on  exceptionally 
largo  percentage  of  methane.  ffMe  would  seen  to  Indicate 
that  trio  low  to;  >orahure  activation  closes  much  bare  r;otal 
ourfooe,  #.oro  hydrogen  o©«  lo  ©hsn&sorbed  to  desorb  ©eti^jilono 
grouse  to  for©  t  joj  .  avo  /.©l^iorlnod# 

his  catalyst  jso  mot  been  given  a  oauoluslve 
tost,  aid  further  tests  should,  bo  oarriod  out  'oof ora  any 
c  of  ini  to  cojjcl.uiojjj  omi  bo  drawn*  It  noo  »  evident# 
however#  that  the  catalyst  ha©  not  sufficient  ©ohanieal 
otr&^th  to  withstand  pros  oar®  operation#  9fiie  irregular 
befosrlor  of  the  eafcalyst  under  stnespherio  pressure  operation 
woo  duo  to  ooll&pae  of  t  o  oatalyo  t  • 
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■  ouroo  «  proparofi  *2 : '  •:£©  bs&vcmlty  of  /sltearta 

bf  t!i©  mUmw® 

•  ©i©b£  lasod  •  44*7  jpano# 


-‘b©  data  ofctoisaod  iMi  ©afaft^ot  Is 
ooxOTSieoa  lr:  tn:  loo  a\  rn  a**  m.  ■  1.0  is  tl-  o  first  ttem 
that  q  cobalt  eafcal^efc  £j*»©D©fc®a  tjy  Escngan©©©  Isa®  toon  to® tad 

at  ttx>  bn&vopelty  of  Alberta, 


I  on  *o,9jb, 

«£* 


221.0 


2 


76,70 


3  100,0 


’..‘■lotogy  ©i°  iQtal570tf 


^froataant 


-OE  >  • 


e.  fe  .  a>jat»: 


Short  poduotion  $?Q 


OoBdltloalngg 
bang  nd  attoa 

Conditions  qg 

,co  La  g>,  not, 
Oporatl  on 


2tt;-10B  7-30*10 

107-300  4-&J-1B 

to© 

X9Q-1Q0  70-34  100 


4 


bo®  o  u.  nouo  2X6 


SI  ,70  oporati ma 


lUOftJO  G4-f:4-40  1B4 


00 


- ; ■;  .  ' i . ;....-. .  ,H,i 


*•0,  ••  _ tWft» 

'■-tc  fr«l:arto  - 

'-'oljarto  , 

k 

TESP 

Bi 

X  0,00 

07,40 

24,4^ 

troco 

tpaco 

.so 

0  1,10 

a>,'o 

8340 

If?  ,00 

— 

4,00 

4  0.QG 

06,70 

19,30 

20,70 

1&3 

nas 
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. 
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0*4G  18.40 


e 


o.gq  x.oc  x*?s  ic.so  a- *78 


8  10.70  8G.7G 


6*48  109*8 


1G*0 


X7.27  70.^0 


rm  tc&Xo  SO  it  ccd  ,o  ooon  that  the  condition* 
Sag  after  the  el  ort  reduction  of  the  catalyst  resulted  in 
vos»y  a  all  oontrsofcioro,  oMo  34  ©  cao  that  water  woo  the 

. •.'  .:;  ,  1  •;  '■  i  ;  zxy  '  o l  ©ex'!  1  o  Oo  *  '■  mo- 

tiene  reee  to  a  oastea  of  07#  but  dropped  off  to  157*  v<m 
of  tor  tho  long  redact  loo  the  conditioning  resulted  In 
Inslgnlf leant  hyiroeapbon  yields*  lie  tenperafcEro  wo» 
raiaod  to  8O0°C*  during  ti*o  cot  dltlening  In  on  endeavor  to 
eMMfto  imreeaed  ee  treat  >,  'r7-  v  c  .  'me; 

dbtninod  woo  only  30;.*#  A  subsoejutt’  it  low  Go  peraita*  q©g$.vq« 
tion  moulted  in  initially  high  ©ont  met  tone  end  m  enhe&eed 
hykPoearbaQ  yields  tat  these  also  dropped  elf  rapidly*  Uwa 
th©  o:  mating  ourvs  <Fisi**e  IB)  tMa  rc*:iti  deereaoe  of 
aentraotion  eon  ho  etoeervod.  r  ho  aonditlening  ot-rvo  (Figure 
10)  iTidiootoo  f  at  the  catalyst  use  not  very  active  since 
only  a  o  ntraotlon  of  30#  soul#  ho  otofcel?*>d,  end  thl®  mild 
ot  U  neinteinod  far  any  lengtf  of  tino*  Frartfcor  operation 
(r^^n  iT4)  ree  lted  in  a  oontr notion  incroaoo  frora  64#  to 
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HOURS  OP  SYNTHESIS  GAS  PLOW 


im  « 


to  4  m  i  o  to  . r  to  sto  'to ,  b,to  o  tototo*  ?  ■ 

tbio  6f©pp©&  off  racier  papieiy  £0  4*>;  »  Cfea  oaiaty©?,,  wna 
'v:iX';:.J  Of’  ftoto  .000  v  .  tout  ^  bto  opo^-to^  ■*:  whg  ,..,.to  :,c 

out  a*-  too  ©atalyat  fop  a  total  to  S4D  h m&®*  'In  «&l|  a 
r  orfc  potfoc toonf  a  lo^e  rcto^itor  oaft  to  lira  toeqpNPatoM 
activations  tjore  ©f  Tied  out  a'--  too  catalyst. 

Fpor  th©  pmmMpg  observation®  it  o«s,  be 
rsetrmd  that  t  0  Go**  n  catalyst  ie  ciofc  a  very  active  p»©ps?a«* 

*  ■  .’,  '  •  ’ 
all  oa? >  entirely  in  toe  .  orl oil  4i  ©dlctoly  foUasrtng  a  lev 
ta  --pcpat'jpo  activities  •  bio  '.ay  noon  t*at  active  omM&o 
©cats*©©  ao  tho  ofltalyst  surface  aro  fas  in  naabsp  &&  cor*  fc© 
rondopod  relatively  inactive  after  q  vary  abort  spit  -.©©l© 
period#  bo  reletivel  ■  It vqq  i>>peenfcaG©  mUm  ©  in  the 
peeidue  :zm  (1£#0j‘,..,  table  s»#  to  3)  tear©  oat  the  foot 
tt  at  t:  ore  gpg  probably  fora  aotov©  oopbldia  contra©  a 
Iopqd  rnnbor  to  boro  *. oiollio  co  .p-m,  cCLloxityf  t»a  id 
Coonp^tS  -a  of  a  sort  0  air  {joooou©  IiyCrooc^brsna  by  e  antaorbecl 
■  y32»-)can* 

On  the  Vbole,  thie  eatalyet  cave  wmat&ntmtmf 

:■>.  •;;  n,  ;;  to  '  "  " :?  ;  ?bto  1  u  r ;  ■  -;.'  o.  .1^0  too  :o  "  '  - 

o;:ita  lo  ,  ra'.'Jtoi*  foe?  *i  cobalt  base  oo&alye*  ® 

loiol-  -  onr.gr  o  ao  ^  safetfczs L jlJjgfcasL 

Source  •  iiorehav  Chemleol  ®mpmf9  Cleveland# 
Ohio 

■02p4t  uoed  -  54*  rcrv# 
h©  oot^'iaaf  ttoo  of  ltd©  aatalyot  is 

:  o  catolrrot  3©  t  ot  epeolff  ©all?  a  ao  oato...  yafc# 
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im  m 


A  ittBtt?  of  the  restate  follows  la  talkie®  86.  M  end  17# 


Bon  sira.8yn. 

«2*  j.«&.11qh 


root neat 


m 


vmt*  stertir 

a  ©  o  .  •  o  ■:,* 


1  C8,0  »ec>  ot.  IV  G 

Conditioning  iaO-197  10-76 

&a  t ©r..p#  GOt.  000 

2  110.5  Operation  190-201  £7*66  ia> 

z  7®.o  short  reduet  Son  Ml 

Conditioning  136-300  10*50*40 

l/m  tenp,  eat:.  210 

4  30  .0  Operation  003-212  60-17  176 


'able  SC 


...oalCuo  oao  /-;cl-jooa  -  >:Qto»o  j 

**un  .1  0- _ -  Vtfiuae  1 

S£ 

rormi-o  aaft'Adb 

.a 

1  0*12 

47.65 

07.00  10.75 

5.93 

G.Q3 

8  0«QG 

34.06 

00.42  6.39 

4.44 

4.31 

3  0.00 

07  00 

29.75  0.00 

7.73 

4.52 

vl .'  0 

boa  i 

loo 

Hun 

Mg&Og^-L 

£  fVfct  .... 

%  Conversion 

c? . 

TSgSF"1’ 

i  envy 

.oicSL  Sold  M 

^rr  tn 

.  . .A 

:  root Ion 

.  r action 

1 

6.17 

10.90 

23.78  20.00 

108,0 

11.4 

3 

4.38 

3.03 

7 .80  6.66 

00.65 

3.0 

8 

6.90 

2.43 

0.32  14.04 

00J80 

4.0 

4 

0.38 

0.35  1:’..70 

55.70 

a  a 


WmmArn, 

Thie  cettiLyat  «as  given  tho  2xmc  refiaeiion 

treofcraont  nrd  waa  3U  '8f  lk::j1  1;  ;  ;ivg:,  teo  loo  fcossperatwre 
eelivaiS  ^na  mid  a  abort  roduofcf-o  »  *on  the  eeBdltiming 
cirvo  (  Igur®  %*?)  it  is  evident  diet  hi#*  eonfcreetion©  ear© 
otto;  :aed  Murine  oo-41tioi  lag  •-•;*  s«  rl»  dio  nliaXE©  is 
t:  3  o  eta*ve  «ould  roboSbl:?  not  eve  arises  had  th©  te^fwotura 
t*or.  raised  Trot  2'#  to  !9G°* < •  ©oonop  then  it  woo*  rho  dotted 
CurVO  isidiootoo  V  O  ;O0Qihlo  Shop©  ©f  th©  OORtPeetiaE;  ©12TVQ 
ted  tide  .-rooed..:*©  boon  oarriod  out*  '.ho  Mgbeet  yield  ma 
oHa&sod  Aren  thie  eatelyet  tisjrlnQ  conditioning  ( table  SF) 
oed  oubioquonfcXy  the  activity  of  t?  o  catalyst  droned  off  00 
t;  at  very  a  all  yioldo  wore  attained*  2t  ia  evident  tipera 
aptsa  ft!  that  further  opiratioi;  after  t»  loo  to  poroture  eetlver* 
licti  did  not  result  in  oontr actions  os  high  as  tl  os©  during 
•ODdlUonliig;  md  yloldo  of  liquid  hydrocarbons  were  wdl® 

1  short  rod-  'otion  for  fo*.  r  •'>  1*0  at  rjns®c*  ooa  given  1 1© 
octal yot  In  on  endeavor  to  rooetlvefce  it*  o©ovor*  lore© 
contract*  ©no  oould  :  jot  bo  regfsiiQOd*  <‘  ubooquent  operate ©r 
of  tar  a  loo  to::  oroturo  activation  re  md  ted  in  extremely  soall 
ooutreetl  one  shieh  continued  to  dseltne,  the  opwttSog 

torpor  at  ro  v«ia  i:  c&’oaood  to  G12®C  •  Therefor©  t$ie  estelyet 

1 

©os  dlocardod*  Th©  catalyst  t?aa  to 3 ted  for  a  total  of  t?X* 

ha  ro* 

Ihe  S'  oil  yield  of  liquid  hytrocarbcne  f&ghfc  bo 
due  to  t!io  strongly  fc^drogeneting  characteristic©  of  the 
catalyst  and  ito  loci:  of  peljiaarioation  ability*  Xtoo^aa 
tho  othor  hand*  bo  due  to  tt»  ra  id  deactivation  of  tho 
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162 
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-  V'A 


ms:  --v«  vm  t  v;-:  X©  for  liquid  ^fanmrtMa 

o:y*>im&im9  jrxsalhlj  h?  b©:.i;  :  saw  rod  ©itfc  ftsovy  mam* 

T^m  t£io  relatival?  inw^l  ^  i/lold©  of  t;..®  light  fwatif*?.- 

•  .  i  ooeaa  :  tJ  -  :  ;?/ .  ■  ...  .  &  t;  at, 

©h©n  th©  eataisrat  1©  in  m  mz ivo  at  ,  &  liquid  i 

-■'lid  :  ,J  SSL*?  rdfeotl?  !&»£©?  t  0  sabs@f  :©t 

s^nthoai©,  a©  that  ©ary  large  srioldaara  not  ofcfealttaA  tteoagh* 
cut  the  -oat.  /not-ior  osjlanation  of  ro&aood  ootlvlty  is  t!& 
loao  of  active  oanfcro©  t  pd-.c  volatilisation  of  ai<&el 

a"_n.o  >  .  •■  ■  "'■  - 

tleei  Z::\o  catalyst  1©  done  dvated  *n  iwdh  a  ©ay  that  it® 
9©l7:wl8Dtlna  ability  a©  effected*  resulting  in  a.orfc  tib&la 

hT^KMrtoa  formation • 


. 


■ 


«*  l  o 


r-'  •  ..  A.,  'i  f  i  :(i  -  ;  f\  -  i 

.  ©it  r-y  1  i©  ••  ^  i  onto!.-;  at  ce»  £?•»  ipoa-oappor 
cntn^t^a—  giwi  eroowdtdnn  r—ilta*  J-  ith  v.^e  forw  gls 
is  ^artlsulsrly  truo#  AIt.i.our*s  the  yie. Id©  ©fetal  nod  o£th  t?:o 
■rsn-o©;  -or  ©atslyr©  ©b?o  ns? nr* ly  fauf»  t3r«®  those  far  tl:o 
!?®  os-talyst#  mush  *  ;;3W  ont  in  no— m*y  in  both  ©— g©  to 
explicate  pablldhed  results  (60)  • 

An  lvan«ooppor  oatnlpat  frees  tbs  asm  feafcsh  as 
catalyst  "l  won  loo  •..•:>£  >«oftou3iy  (if?)  *.  At  that  tiiro  a 
tisSsnr*  yield  of  14  srsr.d  3sr  cubic*  note*  of  ayat:  .©si©  (no 
roealtod,  w-  ioh  is  lower  tat  of  tho  ©©no  order  as  the  yields 
obtained  in  the  pro— nt  investigation*  similarly  m  iron 
©atolyst  tooted  pronoun  1 7  (id)  r m?©  •  maatatso  pic 
©0  parable  to  that  obta'iied  fro  catalyst  1,  dooarlbed 
above# 

'rhe  —ounts^f  ssrbon  diojd.de  yieldod  by  oa©t: 

catalyst  op  -iqgp  e: ocsoivo#  T:  s  noild  soon  to  ii  dlooto 
V  at  a  preferential  roeetian  ©t-  os?  1:.a  tio  formation  of 
liquid  and  solid  hyc .  ©ccedx>r.©  was  voting  plaeo* 

It  1©  the  mtl  os»q*  opinion  that  the  testing  of 
Iror  cc.;o>.  a  a,  :..■  •  •  t  I'^trrO  ?•-•  t  ,.o<vc  •.  .ncc;  hif-ctar;:  •.  our:-'. 
tJ  o  exoossivo  (rjymto  of  hydrogen  pro— nt  in  a  2%ilC0 
synti—18  g— •  ’  -Ms  lino  of  roasoni&g  **>  &d  ©mifsrsa  to  the 

Too  '  :i  ;x ;  ',  ..  :••;  tu"  ,2>5;  i  ^  ....  '  •  '■  -O 

diluent©  in  ti*o  s.7nth— is  coo* 


aotoit  datgg  .7©  tfl 


9  ires  ©otolyets  heriUxj  tie  eot-positien 


■ 

- 


. 


- 


■  ! 


. 


■ 

. 

*  ■■ 


1G3  - 


♦V '  iorelgw:  .-  i%  nobaifc**t; .or: & 

1#  0  fl«d  3«  /ataough  ,  sia  O  ,#ouedure  wm  used  i&  $m*f 
0030  daring  u  cj  eafcaiyafc  ■*.  .urn...  better 
control  v?*ia  no:  lowed  in  the  ease  ;ift  than  for  the  dthsn* 

4i  of  eat  of  f  'a  is  3  ,.jw^  u,  -  o  fuss  that  catalyst  ?;'f! 

:  alntalnod  a  alig  \%ly  Mgher  contraction  fog*  lone, or  periods 
of  tir*  than  did  eltiier  of  two#  It  did  not  gilH 

higher  yields  of  hydrooarboiia,  t  ut  tMa  fiay  bo  eat&a&nod  by 

.  n;‘  ,o  a  ..'••■•  v  ;.’s  • 

'-Pa-  the  data,  certain  generalised  oon&isaloaa 

]®y  bo  drown  rogwd^  v*  eobaXt»thoria  catnips to*  r,;i^o  ;30ln 
oxyron  iH>duot  froso  the  eyathoeia  was  water,  with  minor 
a  o JBto  of  oorbo  i  dloxdo  bcvh.g  rodneod#  Me  agrees  with 
ti  o  litwiof  of  oobalt  ©ataiyete  tostod  bp  other  tor&ws  (6)  * 
;Sio  oMtirouK  naxli’naa  oi^erating  te-porcture  boa  boon  placed 
at  900°C*  iu  onoral  practice#  Although  operation  on  theso 

i 

cat  al  pa  to  woe  ©ecash 'tidily  carried  out  above  io  fc&’perafcuro, 
no  advantage  tai  gained)  and  in  mm  imm  voqvqv  wfor  &uaa 
resulted#  It  would  a:  peas*  from  tho  rwulfc*  obtained  that  a 

«.ry  W  r-n  of  19&f  J  #  id  H  ©«  !  Sf  f*Ot  f  ’  arlrUH* 

oato  conducted  by  tiio  authors  would  indicate 
t5  at.  i  oco  oobalt  catalysts  roqd.ro  a  fairly  strenuous 
reduction  to  Snewr©  a  peace nolle  activity#  ;n<jf®M?ng  tli© 

,  ^  .  •  (T)  '  ' 
torporoturo,  had  the  effeat  of  doubling  yield*,  but  there  la 

no  nan  troeioo  that  an  oven  longer  reduction  might  not  increase 

yields  to  a  still  largos*  erceuat#  o  result#  obtained  nro 
definitely  IndS  onto  tho  value  of  a  lend  reduction  period# 


* 

. 


. 


; 


m 

pt*aaant  '  i  the  oat  al :?at  amild  ?4Mbly  inhibit  the  feet  atlas 

, 

' ',?i  a  corros  *  ic“  Is  £  *  .:*•  «s>n*  jt?-  ••  ..  o  a^nt-ieala  reeatlo n# 

:•:>  >.-:•  iat  a*.  .>.153  -'  Mi  of  1:  :0  >r©ha»  cobalt* 
r  Cr  r  .  3  ,  :.:.i  .  .  .':  ♦vr ;.,  r-.  m  ..»’*•  “  "  :  r  o';  r  m  in 

2s  tUXTissalt*  l  ow  i%  £Jro:.  lit©  yielde*  nature  of  the 
.  roduct  aid  g^inral  Wiairi  »,  iMs  catalyst  apjerantly  hm 
H  c  ?. ;  -  is:.  n  ve3>y  ©  r  m.?  ■  mo  j  or  o6bflttfe»ii  nr ia® 

bleeelguhr  oaialyats. 

I'rcii  i  03.  JI  t  s  obfcei  w'th  too  cobalt*  .lance  oca® 
i:2coolv*iihr  catalyst*  aid  also  wir,  or.©  n£ oteel®£  iSngfEiaB© 

;  roparati  n*  the  action  of  i  aagspeaa  aloua  m  a  prataotcr  fos? 
t  ie  i-.  -:  .  oola  has  not  too.  £jtt3rtt.j*ag  .1  ot*  catalysts 
~avo  very  rear  perlteaEianoss*  the  oidel  eatslyet  in 
particular  giving  vory  aitf  1  i?,clde  •  Kiel  3-  os  a  Fischer® 

‘  ropeoh  catalyst  has  not  boon  found  satisfactory  \rj  other 
eorkers  (o)  oxoept  over  flhsrt  periods.,  and  the  seiulti 
obtair.od  bore  oonflita  this  observation,  This  has  boon 
os^loined  t>y  tlKj  apodal  properties  of  nickel  carbides  and 
carbonyls,  ‘.ia  has  toon  ivaly  diecuaaou, 

•  ,*  Mr  uiJ.o'.i  -  >  n  . .  ■  u'  o 

tC'j0^ila®c.;.uti^2A0s2a®^cio3ol{^.tf'ir  ©at  alysi*  Insufficient 
eovo  ©iirried  out  to  obtain  aonclasivo  ro©;  ittjp  prolioinspy 
eat©  indicate  a  considerably  ^?oator  nativity  then  any  other 

catalyst  teotod# 

an  intoroaWne  observation  was  rsod o  rega rd'fig 

t  o  cobalt  catalyst© •  The  pellets  of  cobalt-thor*  a 


. 


*  l 


2  ,/  ■*•■**  *a  .*•  -  lose  dense  t\  m  thee© 

£ --j?  <  2  ix.%\  3  cobalt  ontal  'ote*  A.  <£?ieUdtjE»«blgr  ©seller  wet#  fc 
aT  this  ©etelyet  gsva  0*3  ;igh  yiolda  end  m  good  general 
j?£os*.:.Ui.GQ  m  heaviop  p&Xiotu  <x'  the  a«.  e  earijoaltiea  fcr 
the  ether  oataXyste «  3enea,lfc  Is  possible  that  tt mm  So  a 
volat-i.s^'ilp  letwoeii  iho  rela-lwe  densities  of  tlm  pallet# 
and  the  estiva  eurfaoe  svi  In  the  ivdu^ed  H9»si«  ie  is 
s  j-et.*!:*;  j  ieu  may  t  Lwoetlgated  in  stati©  adsorption 
a  i- tU.es  .3a  tiks  froairjly  ;io;  f  vu  e?  •  catalyst* 

.rag-iOi  Aaal.fli-la 

Vabia  88  i£*ovldea  a  auwaary  of  the  vaults 
of  >o  oAtlyeue  cawiod  out  on  t  o  prod nets*  ‘2iis  wort  was 
carried  out  by  on  underbred ust a  student  (Glia)  uei2*g  the  tetsl 
rortttt  pfjtnel  from  the  • pacific  eafcelyete*  tkhe  fields 
yyuo  eny  oatelyat  woro  not  further  subdivided  frosa  tlso  two 
e  ta#  a  hl&i  boiling  tatluu  frca  the  a  tea-  ret  and  a  low 
e*j|asg  eertian  fror»  the  water-seeled  pot*  in  many  Instensee 
2  ©  ljitth  boiling  point  frost?  >n  a  dieted  alKoet  entirely 
of  wasoe*  ©olid  ot  roon  topper  attars*  lienee,  certain  teste 
pcrforJied  on  the  low  boiling  fraction  woro  not  possible  with 
tfel*  belling  fraction*  A  large  jsertioa  of  the  water 
^ffoduoid  in  tbs  synthesis  oo  ■  donaed  in  tie  eatcfhpet  with  tio 
lli$i  boiling  oint  hydrocarbon*  a  »  all  emount  passing  over 
wlUi  tl.o  lighter  fr notion  to  tie  oeoond  oatehpet*  for 

g  T  -'•  oaeo  the  wator  fro  both  of  v  ©a©  sources  was 

••■  hl./aod  ac  ‘orn  ol ,/• 

lir^oe  lhf  19  arid  ro  alow  the  K  et-Ulotiovi 
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Anal^lo  of  fisntlsala  «,ro'looia 
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avail*  lo#  goi ir  aT:  it  v  ;J  : .  r»  .  to  earry  out 

a:aUXIei.,ljfc  Oii  liu  :'igh  ha  Ih.:,  ^  >,udi  iVaett  i;Jf  nl;>£e  hhoilf* 
-wa  .  a  .i;i,./  waau  jo  "'  OulllgtiOiie  *&Fe  run* 

.  ;.  >,  .  .  ,  ■.-  •;  La;.:  '.  0  ■:}  t .  Mlt.*  Si.  J  .  Of-V5  '  3 

C-dCXiiut.5  k:  vm  .■lulls'.* J  l.  .-■  0*V,  el'  oe  ti|  w  f^osant 
w  a,^'!  te  :fL'«g  t  «i  oo.  traits-,  ..>■)  data  ;n  h,dt:.  al 

«,-..ii»te  aro  available*  t.  *  m  dletiXletlen  of  the  lew  belling 
.L^LUit  fraction  the  t<*  po*>«.-  -  ■  *r*o  Bat  alloveci  to  meed 

;/a;  Hl>  V;^3  <  ■■  ^  .  *  V.-  -  . .  .  ;  •■  '  i.  O  ;  '‘Of5  "  , 

.m  X%  wm  sieeeeeiHpy  fee  uee  tbe  diefciXX etc  for  efccnleaX 
Ldttl^eaa •  ,i  will  be  rioted  t:  at  i  o  Xow  » -oiling  ;>oiat 
i>aet.  .u  frt*  .<  both  -i  ■«  !.,*<*,  baser  a  ;4  eofealt  baaed  eatalyetc 
le  eatoaed  of  ivy&feaaeb&Ji  of  wi*idh  eggraacfeiCtcXy  20; >  boil 

outside  the  gaaoline  s*a-ge# 

i  able  38  indicates  tie  a©iiaitSe»#  retembim 
.\;^ieee  d.'JJne  ;olvui  >bbu  >4  &ao  ilg^i  a;,:1  bo?ary 

i^dyee«rtw»  free  sice* 

All  oobalfc  eelelyets  with  the  ewoeptlon  of  the 
ctebeli*  oMfi-  ?v  .•  oeia  eately**  $f  reused  a  high  helling 
fraeti  .c.  u  -lei .  oaa  -a  ovta^naie*;  of  wan  in  T.emry  hyiimapfeon 
eil*  The  average  density  of  the  light  and  heavy  fraction 

»  , 

to  the  value  0*78  given  fey  the  united  states  aareaa  of  8£n*e« 
ho  deal  ties  of  an  light  freets^ne  fren  cobalt  eetalyats 
t.,' :;.*o  inoit  setcdly  low*  etb  the  heavy  and  lirht  frcctr one 

e,  oo  o  'oi:*ably  jraatey  de- ..& ’ t4.  t  m  0<&P9*i«JtuV  .&  ->eot  :.o 


. 

■ 
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■  ’  ■  t:*  :;M  m  ;iUl 

'  ■  ■*  *  'yr  ■ 


■  •  > :  & 


■  ; 


f*uu  o - tb£L t  ©a  4 il„- -0 ts  * 

Too  refractive  indioes  dice!:  will  alth  fcxoao 
-«*4a* d  jaw  f  fas*  oim&lor'  oatolfoto  Cl^j* 

9b*  he«V|  fractions,  la  an  but  i.x  I  s:,i  eo, 
had  Irtdwp  anlllaa  points,  thua  3m 

;  L&i  boiling  iraofclon  Is  .  oaturatod  t&r»  tv,  a  lo*  bail  lac 

.  V  ,r  .. ...  o.  x  •  .*.  ...  x  ,  .  J  X  .  .  .... '  '•• . .  X- .  /•'  .  v;  r;  •. 

eat&i./at  ..  >  ■  -  a  ,  a  ~.m>a&  m:  1.1x3  -  x  *  /;  ;:  ..-  xcfe 

•:  -a  ixwi  oatalyat  was  e,  aldcrr?-,  :l,  ■  uoro  unoouira&od  t  m  &  .at 

H  '  ■■ 

■  -•• 

obtained  ftwn  cobalt  eataipart «  f'"xlo  is  in  oeej»rdaftoe 
,:i  ..;.  satiating  o*g*rir3oat?iJr  :'asta  Co) •  'ho  IrwtH&apgmr 
catalyst  wortuoed  a  Xlxht  frooti  x.  xioh  ass  far  -ora 
unaa*  seated  t.  an  txot  rpw  t  ■:>  ?von  sain l?at« 

Quantitative  teste  to  dotemlmo  tho  oeiounta  of 
oloflno  ;a*©a©nt  in  the  product  •  .*ere  don©  in  too  cases  m:'wr© 
efficient  product  was  svtikUe*  a  number  of  high  bailing 
•not. .  ,  , 

and  the  resulting  mixture  wee  anelyeed  for  olefin  ornate:  « 
9bo  mothod  of  analysis  oonalatod  ef  agitating  tho 
oorbona  with  concentrated  owlpbario  acid  and  rasping  cut  tho 
aludgs  so  produsod*  Boe  JLto  i nr xi onto  that  the  fraction  lias! 
o'  olef.lu  a,,  to- it  uf  opprcadesa  t sly  £5,$  by  volume*  iiene®  It 
,.,;sy  u»  aaau’xed  fyois  aniline  paint  data  that  t;-e  low  belling 
ffewti.izui  c  tain  an  olefin  cantor;*  In  ejsooaa  of  80$  •  A 
similar  teat  on  a  combi nad  low  fosilin*;  fraction  pvoduood 
c,  on  using  Iran  and  iron-copper  catalysts  indicated  vary 
?.  >£?.  ■  extent,  ..robobly  in  amoest-  ,;X  -ore©.  i. 

. ‘Uponlfioatl an  maabara  serried  out  Individ  ;Otly 
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m  tlit  tayfl yaeurfron  laodagta  Am  a&3  a  eatal$»ta  imimt® 
otattti  amounts  or  eaters  or  aeide,  fee  $laaa«nb  noma  of  if» 
,  :.•  •■  nn  toon  ':'.;o  .  n.n  v.:  .  .  -;c  ‘  ~  or  •■  -  * 

*  oi  u.e  dm  n  £rms  tt?©  mMdymv  of  true 

••  ;  .  .../  ■  ’ 

-rfon  ;*:>r:uCOd  *  i.V*»  a„...  ..'..*3  ?-3  «1»  •  In  1 53^10  Sr  * 

<su-  --u  (.o-ji.;  u.os  of  t  «  hoav^  ffrmtt&m  tt  is  c^mnt 
-  •  •«£•©  ^oaoni  -vov.  a.-  all  of  wafcor  sol  d&a 

s.-u^nal#  :.-.j  la  aoriflml  by  t'-a  arwonta  of  rmt ©rial 
balling  Mb*  94°G#  Is  Uui  tot  or’  amoved  along  slfih  the  loo  - 
.  jv.rooarkj. •.  "fme.,  ■  *  .*v.nnr*  raf  1 •.,:.*  :-~r  r. v,v:rm© 
of  eater  soluble  saatariala  varo  found*  is  Is  paralleled 
lyj  t,  ajrx*ospo..,-.i::..-^I<y  1o#q?  >m  las*  f:t;3s  of *  eat  Is 
..n-i-lj  jiotleao^ie  »r  ih  '  .-..  n,  a  a  t  ©  tr  • .  •©*?•:  mr 
catalysts/*  or©  t  ?  vm  ."■•.::•■■  :  t>  ff*»tar  ?  v  •  o '.  tej 

u; j, *  .* .: .;  -.,  .  v  .:..  oi  /o-'ir:  '  iin.r  ’  r'c*  , >:• '  » 

fbo  qualitative  testa  for  si  enrols*  aldehydes 
asd  kotoi*®a  intficato  t>i©  1  ruait  >reao.  a©  of  alocfcala 

w-t.  o.-.a .  »,  .nor.  a  :a,U  >f  aldcC .j  >s  tird  ■•© tcmea*  t  ©an  ..c 
imumA  that  tba  eater  soluble  taatorlal  was  soinl?  aloaiiols# 
^hla  aonforai  with  Inf  amotion  obtained  on  emieraioX 
a..  oration  (04)  • 
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Tea  catdlrota  have  boon  tuatad  for  their 

■;7l. v  to  ;.4-’a  s.:i-;r»  l'-®  -*•*•  V  .  ac:„  S.t;i',OS's8  .‘si© 

4'0 J  -i  ...  a  Ofctai  ed  •  w.‘i  ii  ;■**.••;  vw  -  :cl  •,  y 1 "  ■■'  r  <t  i*e  iSC  cs 
of  t  o  orf  aw,  sauce  and  a  x*ic  Uua  of  one  catalyst*  ,ogc 

if  the  eacalpetc  hac  achieved  the  desired  r  >  *  1  :a,  hat  cat* 

-atflni to  cdv& ..eee  have  L-^.i  .aM@, 

•  C  -.o  :•-,  ',•.:=  .:.'  -  .  .  -  v  ■  •  ;.' - 

factor?  reaulta,£l£)  aheeed  *  aoneidariibla  - 

yislde  Hi. an  tea  led  &  ceea/sd  ?  '  o  v*'.*ig  a  differeiit'  redoeiion- 
rccod-re  a.jd  a  ic-oAiflod  •?  ng  technique «  The  ca;;al?Si© 

;  *>a:  arod  by  t‘-e  mt?m  a?4  seat e&  in  the  sane  manner  did 
n:>t  o  .jw  a  significant  1  «tW;-.  eat  in  liohovler  over  those 

prcvin  -.isly  pre  arod  (G6a)»  a'l  r  o-isgh  during  t  o  preparation  a 
TiO  acc^r&to  o  >n'troi  of  ?h«  v»'  :-:B  step®  tttm  mif.tHl  ad® 

..a  femoral 9  the  eebalt  huse  catalysis  core  fjund  to  give  a 
uoh  better  performance  t  on  the  iron  catalyst®  « 

The  products  obtained  varied  considerately#  The 
cobalt  catalyst  a  oropered  at  L’.-e  nivoyetiy  of  Alberta  gave 
a  1'Tge  pripofiloQ  of  solid  casee*  aheree^  the  c^sbait 
catalyst  prepared  t  iho  *  f  «  urecu  of  -  incc  gave  a  product 
.,  .Vh  a?.  o.-.i  ..-"•  ;•  lh-  '  • »  >'h.;5  '■■>•  >  XfVsfL* ,v*  olfod  '-X  V 

liquid  products#  dll  the  product*  obtained  a  good  percentage 
or  uKsat-srefcod  materiel#  vdth  trio  iron  catalyst  yielding 
notably  large  osotnto*  Teste  carried  out  for  the  detection 
cl  : o*  ••  L/,  *.’»?  •>:•  a  :  ;o  ■  -o  «;»  ■  -'i  ?r  -.3 

interesting  rseults*  Bearly  all  in©  catalysts  produced  cos© 

.  .  ■  ;  ,  ,  3  •  ;  ■  -'.  j 
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.  .  ■  '  "  .  ;  •  '■  ((MS 

:  -  ■  -  *  ■  ■  - 
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■Jlx.lv,.  «M5 "D  80;’  t  ,  Of  '  >  WtitCT 

m  iMKr  J«*o.  -  •  ou  loiii£  ou  a  £r  ■  '  *  "  '  ;  .'  •  ? 

wi'Wi*,  ?  •  s'.h’.''l<t  .*■  **  >v<>  "i  t:  at  iho  -.jobalb  ;rej)»a-» 

*»  ^  ;>.v.  ..$*>:  a  u«  ■  .  .  •■  ?*  -tist  *■  Imyssr*  t  on  the 

ip.~i  C'«lal;s  4-s. 

MthoMgh  wtte-9  success  w  attained  than  in 

a,-o/l  :  .a  oat a”  yob  ios ’.. i«g  «:  b  u3#  a  satisfactory 

catalyst  ..at  jut  been  £  -cvt#  ’n  a  inconclusive  tests  on 
,  r,  I'm&t  of  ;&ines  natal  ub  indicate  that  this 
. - oporation  will  yrobnbly  4  ivc  hi&H  yiolda  if  tasted  it 
a&uosjheris  assure*  if  \o  Qeee9  than  it  would 

c4..-.,jr  t!.i  ti*e  *  odlfied  j  >vl»oti:  x*  rct*:«d  cud  ^erntional 
.•roaedkr#  adopted  by  the  auU  .4**  vua  adequate,  and  the 
failure  of  the  other  catalysts  was  due  to  tv*e  nature  of  the 
.  uturlol  itself.  Hue  ans  **r  may  :  o  found  by  the  addition  of 
Bipniliai  oxide  ea  a  promoter,  or  In  an  even  more  oarefal 
catalyst  proper  at.  t  on«  The  pr»  as  of  aurfaee  area  (i«e# 
ollet  alee)  and  density  of  tie  catalyst  pellets  lidglit  also 
rovo  to  be  a  fiotor  influoacl .  6  catalyst  *  Savior. 

On  the  other  band,  should  the  •  *  .reac  of 

variations  *  reduction  *v»d  activation  inoljnlquea 
located.  It  is  oesiblo  also  that  :  oi*o  accurate  control 
the  aterp^dcc  e.x'uX5fci:;v;inc  veoeodure  r.i£ht  prove  beneficial 
o  evidence  of  so Laly el  poisoning  lies  boon  obtained  fr^ 
so  alts vo  teste  Which  have  leer  carried  out.  *  ia  la  felt  to 
:  y  the  loaat  likely  explanation  of  the  chservod  catalyst 
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*&©  poor  iw  ilte  o'  to.?ued  Aksb  the  iron  ao&a&snta 
Ua^d  ^  U  i.-4«  to  t:  •©  :-;^lri^:,;e^n  :•  '-.ttfedUSo 

ratio  of  titoo  ojuttwtiUi  gne#  in  erOor  to  oMa  i  vo. 

roovatfi  OH  those  cotniyato  a  tg  os  with  a  lit  ratio 

>g«rit oearijau  cmkhcI&o  s.*.rtUi  he  um-*d» 

on  general*  ns  cii.X'ioalt^  oaa  -'s^arieoieod  lo 
.  omtn-aing  oto&iy  o*  aesitiziQ  ^  ~,c :  tto;&  md  ocftlaowug 
ratiu~le  data  djrltig  0000a • 


-  _  '  - 


MSSM^A 

*  im  ::-lo  Bstt--.ri.al  '■  ••"  .-tide  1®  oal<*>l*tod  balov* 
v.e- .  -u  caXouimti-Mi  merve:*  a:  ta,;. lexica*  of  the  eoauraoy  of 
.:;  a  el  ;.f  G0ll9*%*&  #ttd  the  C6^>3  ,>f  Cv'.v.trol  vMCh  h&#  b##ft 
;’  ,:a  ■  d^vl  .£  •.?  ;trat:  -  *  Oi^yfi  *##**«  utt  38#  haV#  &1#0 

been' side  for  the  purpose  of  siapllfylr^;  the  eeleslfttle&  of 

j 

.  r  ml  1  di  i  y  Of  &  Mi .  a  av  ■  ••:  :- '  V  ■ « * 

The  date  used  is  «-,&*  obtained  during  ran  6  as 

.  «  -  3  • 

la#  ieaatty  data  (St a) 


760  ism,  and  0°  i* 

700  ra;  and  04° 

COg 

1  #m 

1*602 

% 

0*0390 

0*0758 

CO 

1*260 

1*031 

CH4 

0*717 

0  *603 

1*307. 

1.140 

::2 

1*291 

1*092 

,  ...  ....  ■  1  -\V’.:*  •  ^  ■ 

\v  aseur&ng  that  Wm  portf eot  gas  la#  holds  for  t!:eao 

condition# •  - 

Gm  In  ftpott  inlet  flotcaet ©r  reeding#  «•  603*0  litre# 

..  it  frra  outlet  jas  -©tor  ru&dl  .g#  ®*  S5B.0  litre#  • 

inoe  the  ever  ego  oeeapoeitioa  cf  tho  outlet  £/m 
■  J  ■  y.y:::i9  til#  Height  of  t  e  off-s##  oon  be  ealoulated* 


■  v.  »o  p. 

rx  v  I**' 

«  OlsOt 
fa  o 

0.01 

X.OS® 

0.1© 

% 

38*0© 

OrfPGB 

10.  3 

go 

01.10 

1®0M 

*  £ 

i  -13^ 

3.40 

0.030 

0  0 

c  a  to 

3®in 

1.140 

0.10 

% 

Gtao 

1.060 

It  ■  ;  ®  O 

ISLatM 

r  otcjht 

of  pmdoot 

obtQO.  od  e 

1®  0  ■  jP 

a 

of  walgg  ppodiMMd  »  78.00  0&mm  (1  oa«  wmt&w  m  %  q.  , 
txa  oc :•  * .  'it  of  ;-o".a3l  .  ■>  iota  cftop  &.n t  ec'  o  a  *  '  opc  o* 


A  food  gqq  a  i&Xge&B  nodo  Oupitag  tMo  von  alwod 

a  : : &*ocpn i ©aricia  patio  of  @#04tX»  with  tom  ttMtt 

G.l  of  other  notoMolo  boi.  <j  ;jpeooal« 

It  it  io  nog  ood  that  ml  $  eastern  nonosiO©  m:& 
t^pflOOPMI  0P0  MMN  8  NBd  t  o  '.  .•!<••  fan  t?y  +)pnt?u»o  _o  0*1’ •  » 


<  *0®  poop  to  ;;oPtttitm.  tijoc  too  coo  fo..o  !t7  em  bo  eoCtaulotoO 

Danslt7  or  lnl*t  g«  •  (£4&  a  o«0?8S>  ♦  .  i.osa.5  •  , 

Q#J50QP  c  s./j.itT’o 


«  * 


o  :  .  '  >  ’  •  -.  rO  o'o  .  ■  XX  3  G.r-fxT1  fl  !'U 


’01*00  :•  orrop  la  t  O  a  oaoo  e 

Wd 


i  wo  C  0  .80 

no  t'ata  odloula&od  S&  Mo  osarpl©  appear©  to 


too  Quito  reliable  as  th«  roots! t  isaioateo.  Mo  id  grafoeblT' 
6ue  to  SCa  foot  tiiat  very  otoad  ^ration  ©oo  tsolnta:.;  od 
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■'  a  a  -ar  ea  •  •  - .  -y  .  .•  :e  etna  ? 

ooe^ov^  -i  w"m  t  a  ata'Lt  ,  .  :,-  ^  :■  raxa  n  a  a  ;  xoaax? 

oroor  In  the  ealet&etioxi  of  a  M,^o©« 

.  t  lo  ajrm?e  X>9  '  that  «r  ©a  oteoif 

ojxm:  ...  '•?}  -a  a;-.  v^p  ^  i'Taa  to  o'-C-a  a  %  ax:  -  .0 

000a  at)  1.00  nxa  '=;®s*o  ee  aoo  :.o  ea-:®o«lat>lo 

cs?s»:>?  ;;  .  oaloaaatoc'  rooxl  u# 
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